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PREFACE  TO  THE  FIFTH  EDITION. 


•'  Waeming 
quired,  it 
revise  the 
rith  a  con- 


;he  Author 

fromtdmeto  tune,  uavts  xcu  ,.^  o^.^ lusion  that 

fuller  infbrmalion  on  certain  subjects  treated  in 
this  work  would  be  desirable,  and  it  has  been  hie 
endeavour  to  supply  this  information  in  the  present 
edition. 

The  ever  varying  conditions  under  which  the 
Warming  and  VentilatiDg  of  Buildiogi)  are  Bought 
to  be  applied,  necessarily  produce  new  combina- 
tions. In  the  present  edition  considerable  addi- 
tions have  been  made  with  the  view  of  meeting,  as 


far  as  possible,  these  requirements.  A  chapter  on 
heating  large  bodies  of  water  for  Baths  and  other 
purposes  has  been  added  ;  and  considerable  addi- 
tions have  been  made  to  the  chapters  on  forced 
and  spontaneous  ventilation,  and  on  the  action  of 
the  various  forms  of  ventilators  and  chimney 
cowls.  The  causes  of  failure  in  several  forms  of 
apparatus  have  also  been  pointed  out,  and  remedies 
suggested  ;  and  generally,  throughout  the  work, 
many  additional  points  of  practical  experience  have 
been  investigated,  and  it  is  hoped  the  results  may 
be  found  useful. 

In  the  former  editions  of  this  work  all  the  pai 
graphs  were  numbered  consecutively.  In  the 
present  edition  many  new  paragraphs  have  been 
added  without  being  numbered,  and  in  other  casns 
duplicate  numbers,  with  an  asterisk  prefixed,  have 
been  inserted.  This  plan  has  been  adopted  advi- 
sedly. Not  only  was  it  deemed  undesirable  to 
disturb  the  original  numbering  of  the  paragraphs 
as  given  in  the  former  editions  ;  but  further,  the 
references  throughout  the  work,  from  one  part  to 
another,  arc  so  numerous,  that  it  was  found  to  be 
scarcely  practicable  to  alter  the  original  numbering 
of  the  paragraphs,  without  great  risk  of  error,  and 


amount  of  additional  labour  which  would  be 
ily  justified. 

All  that  was  given  in  the  former  e(lition3  will 
B  found  in  the  present  work.      But  the  additions 
which  have  been  made  will,  it  ie  hoped,  throw 
BOme  further  light  on  various  points  of  practice 
^^Brhich  have  occasionally  caused  difficulties. 

^^B     Very  copious  extracts  from  the  former  editions 
^^■if  this  work  have  for  many  years  past  been  made 
^^raoth  at  home  and  abroad,  by  other  authors.      Not 
^M  only  paragraphs  and  tables,  but  whole  pages,  and 
™^  even  entire  chapters  have  been  thus  appropriated 
without   acknowledgment.      It  may  therefore  be 
well  to  Btatfi  that  the  first  edition  of  this  treatise 
was  pubUahed  in  1837.      The  extensive  appropri- 
ation   of  parts    of  this   work   by    other   authors, 
without  proper  acknowledgment,    has    sometimes 
to  the    borrowers  being  credited   with    the 
iginal  production,  and  the  real  author  esteemed 
be  the  plagiarist.    This  is  the  excuse  for  noticing 
■what  might  otherwise  lead  some  persons  to  suppose 
an  unfair  use  had  been  made  by  the  author  of  what 
properly  belonged  to  others  ;   but  he  believes  that 
he  has  in   every  instance  quoted  the  authors  from 
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whom  he  has  derived  any  of  the  information  con- 
tained in  the  following  pages. 

In  this  edition,  as  in  those  which  preceded  it, 
the  plan  of  throwing  into  Notes  a  good  deal  of  the 
information  which  is  explanatory  of  the  subject- 
matter  of  the  work,  has  been  followed.  The  object 
of  this  is  to  render  the  text  more  simple  for  those 
who  only  wish  for  the  practical  information,  apart 
from  any  scientific  discussion. 

C.  H. 

Ibon  Wharf, 

No.  1,  Uppkb  Thames  Street, 

London. 
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INTRODUCTION. 

The  practice  of  employing  hot  water,  circulating 
through  iron  pipes,  for  diffusing  artificial  heat,  is 
an  invention  of  acknowledged  utility  ;  and  the 
present  extensive  and  extending  use  of  this  in- 
vention renders  it  extremely  desirable  that  its 
principles  should  be  clearly  defined,  and  the  rules 
for  its  practical  application  laid  down  with  pre- 
cision. Without  this  knowledge  its  success  will 
be  uncertain,  its  application  limited,  and  its  re- 
sults unsatisfactory. 

It  can  scarcely  excite  surprise,  that  prejudices 
should  formerly  have  existed  against  this  inven- 
tion, while  its  merits  and  its  principles  were  alike 
imperfectly  known.  Even  at  the  present  time 
they  are  but  partially  understood  ;  and,  therefore, 
to  investigate  these  two  subjects  is  the  proposed 
object  of  the  present  treatise,  with  the  view  of 
facilitating  its  application,  and  extending  the  sphere 
of  its  utility. 

There  is  scarcely  any  branch  of  science,  or  of 
art,  in  which  an  acquaintance  with  the  laws  of 
Nature  does  not  enable  us  to  derive  greater  ad- 
vantages in  its  application  than  we  could  other- 
wise possess.  There  is  no  art,  however  humble, 
in  which  a  knowledge  of  the  laws  that  regulate 
matter  does  not  open  a  wide  and  extensive  field 
of  useful  improvement  ;  and  no  man  can  hope  to 
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advance  the  sphere  of  useful  invention,  in  any 
considerable  degree,  without  some  knowledge  of 
the  principles  on  which  it  depends.  But,  having 
this  knowledge,  he  may,  to  use  the  words  of  a 
well-known  writer,  "if  he  have  only  a  pot  to 
boil,  be  sure  to  learn  from  science  lessons  which 
will  enable  hira  to  cook  his  morsel  better,  save 
his  fuel,  and  both  vary  liis  dish  and  improve  it." 
Although  it  is  true  that  we  are  still  ignorant  of 
the  more  subtile  agents  which  exist  in  the  vast 
chain  of  causation,  tlie  laws  which  regulate  the 
various  phenomena  of  Katurc  are  sufficiently 
kno^-n  to  afford  the  most  beneficial  assistance  to 
every  branch  of  tlie  arts  and  sciences  ;  and  the 
most  recondite  of  scientific  discoveries,  as  well  as 
the  most  valuable  inventions  and  improvementa 
in  the  arts,  are  not  more  demonstrative  of  the 
truth  of  this  assertion,  than  those  which  are  the 
most  simple  and  inartificial. 

For  an  illustration  of  the  utility  of  this  know- 
ledge, we  may  refer  to  the  law  of  gravity,  not 
only  because  it  is,  of  all  natural  phenomena,  the 
tnost  constant  in  its  operation,  and  the  most 
universal  in  extent,  but  because  its  influence  is 
closely  connected  with  the  present  subject  of  in- 
quiry. 

That  all  falling  bodies  gravitate  with  the  same 
velocity,  and,  therefore,  descend  through  a  cer- 
tain de6nite  sjtace  in  a  given  time,  is,  we  know, 
an  effect,  of  which  gravity  is  the  cause.  It  is  on 
the  operation  of  this  invariable  law  that  many  of 
our  most  valuable  inventions  depend.  Its  influ- 
ence is  equally  e.xerted  on  all  objects  alike; — the 
most  mighty  as  well  as  the  most  minute.  It  is 
this  which  gives  (ilnbility  to  the  grandest  prodnc* 
tions  of  Nature,  as  \v(A\  as  to  the  most  niiimte  or 
artificial  of  our  own  works.  It  is  from  this  canee 
that  we  oblnin  the  unerring  action  of  our  jiunduluma 
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nd  clocks  ;  and  it  is  by  this  we  obtain  tbe  circu- 
jfttion  of  hot  water,  with  wMcb  we  warm  our 
wellings.  By  a  knowledge  of  the  catise  of  these 
~  ts,  of  the  extent  of  its  operations,  and  of  the 
by  wliich  it  acta,  we  can,  by  varying  the 
brcutn^taDces  of  a  gravitating  body,  alter  also  the 
L'ity  of  its  descent.  Wc  accomplish  this  by 
ringing  other  causes  into  operation,  which  niodiiy 
result,  notwithstanding  the  immutability  of 
laws  of  gravity :  and  thus,  by  a  knowledge 
'  the  physical  laws,  we  can  modify  and  subject  to 
nr  will  one  of  the  most  constant  and  universal 
^ents  in  Nature. 
The  study  of  the  laws  which  govern  natural 

Ciomena — which  in  all  cases  are  so  simple,  so 
tiful,  so  perfect — is,  therefore,  one  of  the  most 
litful  Bourct!8  of  inquiry  which  the  mechanician 
1  pursue.     It  opens  to  him  new  fields  of  useful 
new  applications  of  known  inventions  ; 
'  and  simpler  means  of  accomplishing  known 
■cts.     And  while  it  points  to  imitrovement  in 
direction,    it   i-estraine   the  judgment  from 
'inciples.     Where  it  exists  not,  it  is  almost 
that   the    plans   of  the    mechanician    will 
'  be  only  moditied  copies  of  existing  invcn- 
.,  or  they  will  ilegenerate  into  wild  speculations, 
iBUpported  on  any  reasonable  foundation. 
""his  is  particularly  observable  in  the  case  bffore 
The  nnmtTous  failures  which  have  occurred 
the  practical  application    of  the   invention  of 
;  buildings  by  the  circulation  of  hot  water. 
all  distinctly  referrible  to  the  want  of  this  kind 
t  knowledge,  and  not  to  the  object  aimed  at,  being 
If  tmattainable.     For   whenever  the    physical 
I  are  intended  to  be  employed  as  the  principal 
ots  in  producing  any  mechanical  effect,  it  is  an 
ispensible  condition  that  simplicity  of  action  be 
'  --  ■■'ew.     While  it  may  further  be  observed, 
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that  the  endeavours  to  trace  and  elucidate  the 
0])erating  causes  of  the  various  phenomena,  whidi 
occur  in  the  course  of  practical  experiments,  are 
the  surest  means  of  facilitating  original  discoverJeg, 
aa  well  as  of  promoting  new  ada})tion6  of  recog- 
nized principles. 

Tlie  origin  of  the  invention  of  emjiloying  hot 
water  fur  difl'asing  artificial  Iieat  appears  to  he  hid  , 
in  considerable  obscurity.  It  is  not  improbable  * 
that,  like  many  other  discoveries,  it  has  been  re- 
produced at  various  periods.  It  seems,  however,  I 
to  have  been  first  used  in  France,  by  M.  Boimemairi, 
in  the  year  1777,  and  was  employed  by  hira  dimna 
several  years  for  hatching  chickens  by  artificial 
heat.  The  French  llevolution,  which  followed 
shortly  afterwards,  put  a  stop  to  this,  as  well  as 
many  other  useful  and  scientific  inventions,  in  that 
country  ;  and  for  several  years  the  invention  ap 
pears  to  have  been  entirely  dormant ;  nor  indeed, 
does  it  appear  ever  to  have  been  used  by  XL  Bonne- 
main  except  for  the  purjiose  above  mentioned. 
About  the  year  1817,  the  XIarquis  de  Chabannes 
introduced  a  similar  apparatus  into  this  country 
for  heating  a  conservatory,  and  also  heating  some 
rooms  in  a  private  house,  by  pipes  leading  from  the 
kitchen  Imiler.  In  the  following  year  he  published, 
in  London,  a  pamphlet  describing  this  apparatus, 
and  some  iogeniouH  inodificatious  of  hot-air  stovcB. 
The  invention  appears  to  have  made  very  little  pro- 
gress for  some  years.  In  1822,  Mr.  Bacon,  a 
gentleman  of  fortune,  introduced  the  use  of  hot 
water  into  bis  forcing-houses,  tismg  for  the  purpose 
a  single  pijx;  of  large  diameter,  couimuni eating  with 
the  boiler  ;  and,  by  giving  a  slight  elevation  to  the 
pipe  from  the  horizontal  line,  he  was  thus  enabled 
to  produce  a  circulation  of  the  water,  the  hot  water 
slowly  passing  along  the  upper  part  of  the  nearly 
horizontal  pipe,  and  the  colder  water  retuniing  to  the 
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)iler  along  tlie  lower  part,  of  the  same  pipe.     The 

■culation  in  this  apparatus  was  very  imperfect  ; 

d   Mr.  AtkinsoD,  an  architect,  almost  iramedi- 

Scly  afterwards  suggested  the  siddition  of  a  second 

e  to  bring  hack  the  colder  water  to  the  boiler  ; 

I  thus  at  once  the  apparatus  assumed  the  form 

lich  it  lias  ever  since  retained.     By  this  alter- 

the  apparatus  was  brought  very  nearly  to 

e  same  form  as  that  contrived  by  M.  Bonnemain 

than    forty    years    before  ;     the    principal 

ference  being  that  M.  Bonnemain  used  only  very 

'I  pipes  of  gun-barrel  size,  while  Mr.  Atkinson 

i  pipes  of  four  or  five  inches  diameter. 

'he  honour  of  this  invention  has  been  claimed 

:  Mr.  Watt,  prior  to  the  time  of  M.  Bonnemain 

►ing  it  in  France  ;  but  there  appear  no  grounds 

r  supposing  he  ever  employed  it  without  the  in- 

rvention  of  steam,  as  a  distributor  of  heat  by 

«uIation,  in  the  manner  in  which  it  is  now  used. 

!  mere  motion  of  hot  water  in  pipes  is  an  in- 

mtion  of   far  greater   antiquity  than    the    time 

her  of  Watt  or  Bonnemain.      Seneca  has  accu- 

Kly  describud  the  mode  of  heating  the  water  in 

*£lierma>  of  Rome,  of  which  Castell  has  given 

j»willg«  ;  *    and  which    show   that   the  method 

r  heating  baths  by  passing  the  water  through  a 

'1  of  pipes  which  passed  through  the  fire  was 

povrn  and  practised  previous  to  the  Christian  era. 

'ad,  except  that  these  tubes  were  of  brass,  instead 

f  iron,  they  were  precisely  similar,  both  in  form 

1  arrangetncnt,  to  those  occasionally  used  at  the 

resent  day  for  the  like  purpose  ;  the  lapse  of  nine- 

1  centurieti  having  apparently  added  nothing  to 

r  knowledge  on  this  subject. 

Stnoe  the  first  introduction  of  the  hot-water  ap- 
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paratiis  for  warming  buildings,  the  variations  made 
in  its  more  complicnted  arrangements  appear  to 
have  been  very  gradually  adopted.  Each  time 
that  an  apparatus  has  been  erected,  experinientalietB 
have  deviated  in  some  small  degree  from  the  model 
of  that  which  preceded  ;  apparejitly  afraid  of 
venturing  on  too  great  a  variation,  yet  requiring, 
from  contingent  circumstances,  some  alteration  of 
its  form  and  application.  This  mode  of  jiroceeding, 
though  natural  while  the  principles  were  not 
thoroughly  understood,  has  frequently  led  to  both 
inconvenience  and  loss,  in  consequence  of  the 
numerous  failures  to  which  it  has  given  rise,  by 
unintentional  deviations  from  the  true  principles- 
In  the  present  attempt  to  elucidate  the  subject,  it 
will,  however,  be  shown  that  success  needs  not  be 
uncertain,  provided  only  that  the  laws  of  physics 
be  justly  applied  and  strictly  adhered  to. 

So  numerous  have  been  the  failures  which  have 
occurred  in  this  method  of  heating  buildings,  that 
nothing  but  the  intrinsir  merits  of  the  inventiMi 
could  possibly  have  made  it  retain  its  hold  on  the 
public  favour.  Kvery  imaginable  kind  of  mistake 
has  Ijeen  made  in  apparatus  erected  on  this  plan. 
And  these  mistakes  etill  continue  to  be  made 
almost  as  frequently  as  ever,  notwithsanding  the 
vast  number  of  buildings  in  which  it  has  been 
successfully  applied,  and  which  might  be  consulted 
for  correct  information. 

Neither  the  capabilities  of  this  method  of  warm- 
ing, nor  the  various  useful  purposes  to  which  it  it 
applicable,  are  even  yet  fully  appreciated.  There 
are  no  buildings,  however  large,  to  which  it  cannot 
be  advantageously  adajited,  nor  any  that  present 
insurmountable  difficulties  in  its  practical  applica- 
tion. In  many  ;;sefui  purposes  connected  with 
arts  and  manufactures,  it  can  be  most  advnn- 
j  emplnyed.  thougb  its  application  to  these 
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"0968  Iia^  hitherto  been  greatly  overlooked.  Its 
*ritB,  however,  will  best  appear  by  the  plain 
ttetaent  of  facts  in  the  following  pages, 
i  Since  the  publication  of  the  first  edition  of  this 
nrk,  in  1837,  ttm|)le  opportunities  have  o(.-cu!Ted, 
r  testing  in  everj'  variety  of  form  the  accuracy 
|the  rules  ami  calculations  which  were  then  given, 
'  constnicring  and  apportioning  the  hot-water 
laratus  to  tlie  varying  circumstances  under 
Bich  it  could  be  applied.     The  moat  important 

1  the  calculations  are  those  on  the  heated  surfaces 

requin^d  to  warm  a  given  building,  and  the  jiroper 
sizf  of  the  boiler  and  the  furnace.  The  data  on 
which  were  founded  the  rules,  and  tables  for  calcu- 
_;  these  proportions,  were  carel'ully  compared, 
1  experimentally  and  practically  ;  and  the  ex- 
;  use  which  has  been  made  of  these  rules, 
nth  perfect  success,  leaves  no  doubt  whatever  as 
}  their  complete  accuracy. 

.  The  object  which  has  been  aimed  at  in  this 
,  has  been  to  render  the  work  as  clear  as 
Bible  to  ]>ractical  men  ;  while  at  the  same  time, 
i  ehonld  not  be  below  the  notice  of  those  who 
•sire  either  to  actjuaint  themselves  with  the 
!  principles  of  the  invention,  or  with  the 
;  bearing  of  the  subject,  on  the  health,  the 
ifort,  the  piiysical  development,  and  even  the 
tion  of  liJe,  of  a  large  portion  of  the  human 
The  effects  of  unwholesome  air  on  the 
economy  from  imperfect  ventilation  and 
rious  methods  of  producing  artidcial  warmth, 
yec't  which  has  hitherto  excited  fiu-  too 
atteotion.  The  laws  which  connect  man 
I  ihe  physii-al  utiiverse  are  of  for  higher  general- 
tion  than  many  are  inclined  to  believe.  They 
her  not  alone  the  phenomena  of  our  own 
,  but  of  the  entire  material  universe.  And 
id  vainly  suppose  they  can  act  as  they 
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please  with  relation  to  these  immutable  laws, — 
that  they  can  fashion  them  to  their  own  will,  and 
to  their  own  imagined  wants  ;  and  instead  of 
endeavouring  to  make  themselves  more  thoroughly- 
acquainted  with  these  laws,  devised  by  unerring 
Wisdom  for  the  universal  good,  they  choose  rather 
to  act  either  in  direct  opposition,  or,  at  least,  in 
total  neglect  of  those  great  truths  which  philosophy 
has  been  permitted  to  discover  and  unfold.  But  it 
is  certain  that  they  cannot  with  impunity  neglect 
the  great  truths  which  physiology  discloses  ;  nor 
can  they  place  themselves  in  opposition  to  those 
fundamental  laws  which  bind  together  the  whole 
physical  universe,  without  entailing  upon  them- 
selves the  penalties  which  the  Great  Author  of 
those  laws  has  made  the  inseparable  condition  of 
their  infringement. 

It  is  hoped  the  following  pages  will  place  this 
matter  in  a  clear  point  of  view,  in  a  sufficiently 
popular  manner. 


A   PEACTICAL   TEEATISE, 


PART    FIRST. 

WARillNG    BUILDINGS  BY    HOT  WATER,   AND   ON 
THE  I^WS  OP  HEAT,  ETa 


CHAPTER   I. 

e  at  OircuIatioQ  of  tiie  Water — Inclinatioa  of  the  Pipes — 
Mec«Gsitf  fur  Air-veDts— Upen  aud  Close  Boilers — Preeaure 
of  Water — Expansive  Power  of  Sleam — Effect  produced 
on  the  CircuiatioQ  by  increased  Height  of  the  Pipe — 
Compression  of  Water — Branch  Pipes— Variations  in 
LeToi  of  Pipes. 

(Art.  1.)  In  endeavourmg  to  explain  the  prin- 

pies  of  the  various  forma  of  apparatus  in  which 

lot  water,  circulatinoj  through  iron  pipes,  is  em- 

1  as  a  means  for  distributing  artificial  heat, 

i  first  object  shoukt  be  to  point  out,  as  clearly  as 

wsible,  the  power  which  produces  the  circulation 

■  '  3  water  ;  lor  without  a  clear  perception  of  this 

t  of  the  subject,  there  will  always  be  an  uncer- 

;r  as  to  the  results  which  will  obtain,  when  any 

iparture  La  made  from  the  most  simple  form  and 

jjgement  of  the   different  parts  of  the    appa- 

It    is    this    circulation   which    causes   all 

water  in  the  apparatus  to  pass    successively 

irough  the    boiler,  and    then    communicates  the 

that   Is  thus  received  from  the  fuel   to  the 
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Tarious  buildings  or  apartments  which  it  is  de- 
signed to  warm.  "Without  this  circulation,  those 
parts  of  the  apparatus  which  are  remote  from  the 
fire  would  not  receive  any  heat ;  because  water  is 
fio  bad  a  conductor  that  it  is  only  when  there 
exists  perfect  freedom  of  motion  among  its  par- 
ticles, that  it  acts  at  all  as  a  conductor  of  heat,  so 
far,  at  least,  as  regards  any  practical  and  useful 
effect,  It  is  in  a  complete  and  perfect  circulation, 
therefore,  that  tlie  efficiency  of  a  hot-water  appa- 
ratus depends,  and  that  the  greatest  amount  of  heat 
is  obtained  by  it  from  a  given  quantity  of  fuel, 

(2.)  The  only  treatise  hitherto  published,  in 
which  any  attempt  has  been  made  to  explain  the 
cause  of  the  circulation  of  the  water  in  this  de- 
scription of  apj)aratus,  is  Mr.  Tredgold's  work  on 
heating  by  tteam  ;  and  the  effect  is  there  referred 
entirely  to  an  erroneous  cause.  In  the  Appendix 
to  that  ivork,  the  cause  of  motion  is  thus  explained. 
"If  the  vessels  A  B,  and 
pipes,  be  filled  with  water, 
and  heat  be  ajjjdied  to  the 
vessel  A,  the  effect  of  heat 
will  expand  the  water  in 
the  vessel  A,  and  the  sur- 
face will,  in  consequence, 
rise  to  a  higher  level,  a  d,  the  fonner  general  level 
surface  being  b  b.  The  density  of  the  fluid  in  the 
vessel  A  will  also  decrease  in  eonsetpience  of  its 
expansion  ;  but  as  soon  as  the  column  c  d  (above 
the  centre  of  the  xipper  pipe)  is  of  a  greater  weight 
than  the  column  /  e,  motion  will  commence  along 
the  upper  pipe  from  a  to  B,  and  the  iihangc  this 
motion  produces  in  the  equilibrium  of  the  fluid 
will  cause  a  corresponding  motion  in  tlie  lower 
pipe  from  b  to  a." 

(3.)  Now  it  is  certain  that  this  theory  will  not 
account  for  the  circulation  of  the  water,  under  all 
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P circumstances,  and  every  variety  of  fomi  of  the 

lapparfltiis  ;  and  as  tlie  causp  of  motion  must  be  the 

in  all  cases,  any  exjilanation  wkich  will  not 

r  univorsaUy  must  necessarily  be   erroneous. 

J  this  the  true  cause  of  motion,  there  T\'ouId  be 

Bo  difficulty  in  obtaining  a  circulation  in  all  cases  ; 

"  r,  according  to  this  reasoning,  whenever  the  level 

the  water  is  higher  in  the  boiler  than  in  the 

RCB — or  even  if  an  upright  pipe  were  placed  on 

5  top  of  a  close  boiler,  by  which  the  pressure  on 

he  surface  Mould  be  increased — the  ivater  must 

f  necessity  circulate  through  the  pipes:  while,  on 

other  hand,  if  this  hypothesis  were  correct, 

water  in  an  ftp]iaratus  constructed  as  in  the 

Allowing  figure  would  not  circulate  at  all. 

('!.)  Suppose  the  apparatus,  tig,  2,  to  be  filled 
rith  cold  water,  and  the  two  stop-cocks, /y,  to  be 

id :     on    applying 
!at  to  the  vessel   a, 

water  it    contains  j 

rill   exjiand  in    bulk. 

nd  a  part  of  it  will 

■  through  the  smuU 

te    pipe    .T,    which 

s  80  placed  as  to  pi-event  the  water  rising  higher 

1  the  vessel  a  than  the  top  of  the  vessel  b.     The 

■  which   remains  in  the  vessel  a,  after  it  has 

heated,    and    a    portion    of    it   has    passed 

rugh     the    waste-pipe    x,    will    evidently    be 

r  than  it  was  before,   while  its  height  will 

1  unaltered.     Suppose,  now,  the  two  cocks, 

be  simultaneously  o|)ened ;    (he  hot  water 

.  tlie  boiler  A  will  immediately  How  towards  b 

the  upper  pipe,  and  the  cold  water  in  B 

ill  How  into  A  through  the  lower  pipe ;  although, 

the  hypothesis    previously  alluded  to,  unless 

!  water  in  the  vessel  A,  above  the  pipe  c,  were 

■eavier,  or  rose  to  a  higher  level  than  the  water 
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in  the  veesel  b,  no  circulation  could  take  place. 
In  this  case,  therefore,  we  must  find  another  ex- 
planation of  the  cause  of  motion. 

(5.)  The  power  which  produces  circulation  of 
the  water  will  be  found  to  arise  from  a  ditferent 
cause  than  that  which  is  here  Btatcd ;  for  we  see 
that  this  reason  is  insufficient  to  account  for  the 
eftect,  even  in  one  of  the  simplest  forms  of  the 
apparatus. 

in  order  to  explain  this,  let  us  suppose  heat  to 
be  applied  to  the  boiler  a,  tig.  2.  A  dilation  of 
the  volume  of  the  water  takes  place,  and  it  be- 
comes lighter  ;  the  heated  particles  rising  upwards 
through  the  colder  ones,  which  latter  sink  to  the 
bottom  by  then-  greater  specific  gravity,  and  they 
in  their  turn  become  heated  and  expanded  like 
the  others.  This  intestine  motion  continues  until 
all  the  particles  become  equally  heated,  and  have 
received  as  much  heat  as  the  fuel  can  impart  to 
thera.  But  as  soon  as  the  water  in  tbe  boiler  be- 
gins thus  to  acquire  heat,  and  to  beeorac  lighter 
than  that  which  is  in  the  opposite  vessel  b,  the 
water  in  the  lower  horizontal  pipe  d  is  pressed  by 
a  greater  weight  at  z  than  at  y,  and  it  therefore 
moves  towards  A  with  a  velocity  and  force  equal 
to  the  difterence  in  pressure  at  the  two  points  y 
and  ;.*  The  water  in  the  upper  part  of  the 
vessel  I!  would  now  assuuie  a  lower  level,  were  it 
not  that  the  pipe  c  furnishes  a  fresh  supply  of 
water  from  the  boiler  to  replenisii  the  deficieui^. 

•  To  nny  person  unaoqnaiated  witb  the  science  of  Hydro- 
statics, this  may  probably  appear  erroneous,  because  the  quaa- 
tity  of  water  coataiiied  iu  *  ie  much  greater  lliaii  that  ia  B. 
It  is,  iiowever,  one  of  tiie  first  laws  of  Hydrostatics  that  the 
pressure  of  fluids  depends  for  its  amount  on  the  height  of  th« 
tiaid  only,  and  U  wholly  irrespective  of  the  hulk,  oi  aotaftl 
quantity  of  fluid  :  therefora,  u  pipe  which  is  not  larger  thau  a 
quill  wUl  transmit  the  satue  nmonnt  of  pressure  as  though  it 
were  a  foot,  or  a  yard,  in  diameter,  provided  the  height  h« 
alike  in  lioth  cases.     (Sec  Art.  10.) 
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'  means  of  tbia  unequal  pressure  on  the  Joicer 

,  the  water  is  forced  to  circulnte  through  the 

^'paratus,  and  it  continues  to  do  so  as  long  as  the 

■ater  in  b  is  colder,  and  therefore  heavier,  than 

;  which  is  in  the  boiler.     And  as  the  water  in 

!  pipes  is  constantly  parting  mth  its  heat,  both 

radiation  and  oonduction,   while  that   in    the 

iier  is  as  continually  receiving  additional  heat 

.  the  fire,  an    equality  of  temperature  never 

1  occur;  if  it  did,  the  circulation  would  cease. 

i.)  We  see,  then,  that  the  cause  of  the  circula- 

I  is  the  unequal  pressure  on  the  lower  pipe  of 

i  apparatus;  and  that  it  is  not  the  result  of  any 

Bteration  which  takes  place  in  the  level  of   the 

ir,  as  has  been  erroneously  supposed.     Indeed, 

I  truth  of  this  appears  so  plain,  that  it  would 

Tely  refpiire  explanation  at  such  a  length,  were 

t  not  that  false  opinions  in  this  matter  appear  to 

i  led  to  many  errors  in  practice. 

i  the  circulation  is  caused  by  the  water  in  the 

Jig  pipe  being  colder,  and  therefore  heavier 

,  that  which  is  in  the  boiler,  it  follows,  as  a 

wary  consequence,  tliat  the  colder  the  water 

I  tbe  descending  pipe  shall  be,  relatively  to  that 

Kbich   is  in  the  boiler,  so  much  the  more  rapid 

ViW  bo  its  motion  through  the  pipes.      In  such 

1  arrancement  of 

ig.3,tlie  ^»-8- 

■ater  in  the  de- 
aiding  pipe  e  /, 
to  travel 
before  it 
«nds    to    the 

■  part  of  tliG  boiler  than  when  the  pijjes  are 

.uged  as  in  fig.  2,  it  will  of  course  be  colder  at 

I  time  of  its  descent,  in  the  case,  fig.  3  than  in 

2,  and  therefore  the  circulation  will  be  more 

Tlie  height  of  the  descending  pipe  is  sup- 
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posed  to  be  alike  in  both  cases,  becnuse  c  d  and. 
e/are  together  equal  to  a  b. 

(7.)  Some  persons  liave  imagined  tliat  if  the 
pipes  be  inclined,  so  as  to  allow  a  gradual  fall  of 
the  water  in  its  return  to  the  boiler,  additional 
power  will  be  gained ;  as,  for  instance,  by  in- 
clining the  lower  pipe  of  fig.  3,  so  as  to  make  the 
part  e  lower  than  rf,  and  then  reducing  the  vertical 
height  of  the  return  pipe  e  f.  This,  at  first,  ap- 
pears very  plausible,  particularly  with  regard  to 
some  peculiar  forms  of  the  apparatus  :  but  the 
princiijle  is,  in  fact,  entirely  erroneous.  The 
author  of  the  Appendix  to  Treilgold's  work, 
already  quoted,  in  oonsequenct;  of  adopting  the 
erroneous  hypothesis,  that  the  motion  of  the  water 
commences  in  the  upper  pipe  instead  of  the  lower 
one,  as  already  described,  appears  to  recommend 
an  inclination  Ijeiog  given  to  the  pipes  in  this 
manner ;  and  he  has  described  an  apparatus  that 
he  erected,  to  which  a  fall  of  four  feet  was  given 
to  the  water  by  this  method. 

This  error  appeai'.s  to  arise  from  treating  the 
subject  as  a  simple  question  of  bydraiUics,  instead 
of  a  compound  residt  of  hydrodynamics.  But,  m 
order  to  ascertain  what  is  the  effect  of  thus  inclin* 
ing  the  pipes,  let  us  suppose  an  extreme  case. 

It  is  evident  that  tbe  farther  the  water  flows, 
the  colder  it  becomes.  It  must,  thei-etbre,  be 
hotter  at  A  (fig.  4J  than  it  is  at  b.  anil  hotter  at  B 
than  c.  and  so  on.  Let  us,  now,  suppose  any 
arbitrary  number  to  represent  the  ppecitic  gravity 
of  the  water  at  a  ;  say,  for  instance,  ■94.  The 
water  at  B.  in  conbequence  of  having  tlowcd  farther, 
and  therefore  become  colder  and  heavier,  will  be, 
we  will  suppose,  of  ilie  specific  gravity  of  '05  ;  at 
c,  for  the  same  reasons,  it  will  be  -^G,  and  so  on 
to  K,  where,  from  having  run  the  greatest  dis- 
tnncc  from  the  boiler,  it  will  be  tlie  heaviest  of 
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bn  ;  •  and  the  sum  of  all  these  numbers  represents 

•the  pressure  at  f.     But  had  the  pipe,  instead  of 

inclining  gradually  from  tiie  i)oiler,  continued  on  a 

level  to  a,  as  represented  by  the  dotted  lines,  the 

^vater  would  have  been  as  cold,  and  therefore  as 

javy,  at  a  as  by  the  former  arrangement  it  is  at 

I  and  thei-cfore  its  specific  gravity  would  be  the 

Kimc,  namely,  '99.     Now,  as  the  pressure  of  watei" 


us  its  vertical  height,  by  dividing  the  vertical 
^pe,  a  f,  in  the  same  manner  as  we  hiive  done 
fcith  the  inclined  pipe,  we  shall  have  a,  b,  c,  d,  e, 
K  each  equal  in  altitude  to  the  corresponding  divi- 
"tonB  of    the  inclined  pipe  ;    and  as  the  specific 
■avity  of  each  division  is  equal  to  -yO,  the  total 
bnmber  representing  the  sum  of  all  the^e  will  show- 
Tie  pressure  at  the  point  /.     We  shall  hence  find 
ihe   pressure  of  the  vertical  pijie,  compared  with 
2iat  of  the  inclined  pipe,  will   be   as  5'91  is  to 
(79.1 

(8.)  It  is  evident  from  this  that  there  must  be 
.  considerable  loss  on  the  effective  pressure  by 
tnuking  the  return  pipe  incline  below  the  horizontal 
level.  Nor  can  this  loss  be  compensated  in  any 
'  Tlie  real  Bpecific  gravittee  could  uot  conveuiently  be  uaed 
n  thia  Ulaatration,  us  they  would  require  several  decimal 
^acea  of  figures,     (See  Table  IV.,  Appendix.) 

f  If  the  strict  analogy  were  carried  out,  the  differenoe  onght 
lo  be  greater  than  i3  Itere  represented,  because  it  is  evident 
Biat  instead  of  a,  !>.  c,  <l,  i:c.,  being  each  of  equat  densitj,  l< 
IrlU  be  heavier  than  a,  aad  c  heavier  than  '<,  and  so  on  ;  bat 
|ie  illastration,  as  now  given,  will  be  sufiicieut  lo  ahow  the 
dple. 
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manner  ;  for  the  total  height  being  the  same, 
ivhethor  the  water  descends  through  a  vertical  Mr 
through  an  inclined  pipe,  the  force  or  pressure 
will  only  be  equal  to  the  specific  gravity  of  the 
matter.  And  aa  there  is  actually  more  matter  in 
a  pipe  filled  with  cold  water  than  in  a  similar  pipe 
filled  with  hot  water,  the  gravitating  force  will  be 
inversely  proportional  to  the  temperature :  that 
is,  it  will  be  less  in  proportion  as  the  temperature 
of  the  water  is  greater.  There  must,  therefore, 
imder  all  circumstances,  be  a  positive  loss  of  effect 
by  inclining  the  pipe  in  the  manner  stated.* 

(9.)  In  such  a  form  of  apparatus  as  fig.  3,  there 
would  be  no  circulation  of  the  water,  unless  some 
plan  were  adopted  by  which  the  air  would  be 
dislodged  from  the  pipes,  and  a  ready  escape 
prorided  for  it.^  Nothing  is  more  necessary  to 
be  attended  to  than  this.  In  the  more  com- 
plicated  forms  of  the  apparatus,  the  want  of  an 
efiicient  means  of  dischargiipg  the  air  has  been 
the  cause  of  innumerable  failures.  Suppose  we 
require  the  aj)paratus  fig.  3  to  he  filled  with  water: 
by  pouring  it  in  at  the  boiler,  the  pipe  e  f  will  of 
course  be  filled  Bimultaueoualy  with  it,  and  then  the 
lower  pipe  d :  and  the  water  will  then  gradually 
rise  higher  in  the  boiler  until  it  partially  fills  the 
upper  pipe.  At  last  the  orifice  of  the  pipe  x  will 
become  full,  and  ihc  air  which  is  in  the  pipe  c  a, 
being  thus  prevented  from  escaping,  will  he  forced 
towards  c  by  the  weight  of  water  behind  it ;  and 
if  the  quantity  of  air  be  suflicicntly  large,  it  wUl 
entirely  prevent  the  junction  of  the  water  at  c,  and 
cut  oil'  the  coromunication  between  the  two  pipes  at 
*  It  mast  not  be  eiippotieil  lliat  this  reaeoning  ut  all  applies 
tu  any  case  of  pure  liytl  ran  lies.  If  tbo  queslioii  wec6  only  aa 
regards  a  duidof  uniform  temperature,  then  the  greatest  efleot 
would  be  obtained  by  uiitDg  hd  inclined  pipe ;  but  the  flaid 
vbich  we  are  now  regarding;  ts  one  of  a  yarvtog  density  saiA 
temperaturo,  wliich  materially  alters  the  conditional  resii " 
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If  :iii  opemnfT  be  now  made  in  the  pipe  at  c. 
I  air  will  iimuediatcly  escape,  being  forced  out 
'  the  greater  density  of  the  water  ;   and  there- 
fire,  cither  a  valve  or  a  cock  must  be  jllaced  there, 
Fto  nllow  of  its  discharge,  for  otherwise  no  circu- 
lation of  the  water  can  ensue.     As  water,  while" 
boiling,    always   evolves    air,    it   is   not   sufficient 
merely  to  discharge  tlie  air  from  the  pipes  on  first 
'iling  them  with  water,'  because  it  is  continually 
scumulatiug  :*  and    in  many   instances,    particu- 
|rly  with  a  cloae-toppcJ  boiler,  it  is  desirable  to 
Bve  the  air- vent  ^self-acting,  eitlier  by  using  a 
live  nr  a  small  open  pipe  ;  in  others,  a  cock  will 
;en  be  found  most  convenient. 
[  The  aize  of  the  vent  is  not  material,  as  a  very 
nail  opening  will  be  sufficient  to  allow  the  air  to 
|ca[)e.     For  the  rapidity  of  motion  in  fluids  when 
issed  by  equal  weights  being  inversely  propor- 
^QuI  to  their  specific  gravities,  as  water  is  827 
'mes  more  dense  than  air,  an  aperture  which  is 
EBclently    large    to   empty   a   pipe    in    fourteen 
tSuntes  if  it  contained  Avater,   would,  if  it  con- 
pned  air,  empty  it  in  al>out  one  second.f    Air 
very  much  lighter  than  water,  it  is  of 
rarse  necessary  tliat  the  vents  provided  for  its 
ape  be  placed  in  the  highest  part  of  the  appa- 
^ne,  for  it   is  there  it  will  always  lodge  ;  and 
''  metimcs    it   will    be   found    necessary   to   have 

reral  vents  in  different  parts  of  the  apparatus. 
I  Though  it  is  perfectly  easy,  as  far  aa  the  mere 
fchanical  operation  is  concerned,  to  provide  for 
B  discharge  of  the  air  from  the  pipes,  it  requires 

!■•  If  tiie  water  were  always  kept  botlin!;,  the  air,  after  being 
lixjielletl,  would  not  again  accumulate.    But  when  the  ' 
r  ODols,  it  again  imbibes  air;  and  thus  a  continual  dis- 
e  of  air  occurs  in  a  hot-water  apparatus. 
^  ifaiicltiler  Memoin,  Tol.  v.,  p.  808;  and  Xielio!ivn's  Journal, 
:.;ii.,p.  269.,  aiao  liobi^n'a  P/uhsophy,  vol.  iu.,pp.,  082-696. 
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much  consideration  and  careful  study  to  direct 
the  application  of  those  mechanical  means  to  the 
exact  spot  where  they  will  be  useful.  The  sub- 
ject will,  therefore,  be  again  adverted  to  in  a 
subsequent  chapter,  when  we  have  iovcstigated 
the  principles  of  the  apparatus  in  some  of  its  more 
complex  forms  of  arrangement. 

(10.)  The  plan  of  the  Jjoiler  and  pipes  which 
has  been  given  in  the  preceding  figures  is  ap- 
plicable to  compai-atively  but  few  purposes ;  for, 
in  consequence  of  the  boiler  being  open  at  the 
top,  tlie  pipes  must  be  laid  level  with  it,  other- 
wise the  water  would  overflow.  When  the  pipes 
arc  required  to  rise  higher  than  the  boiler,  the 
latter  must  be  closed  at  the  top,  and  the  pipes  can 
then  be  carried  upwards  to  any  recpiired  height. 
This  arrangement  possesses  considerable  advan- 
tages :  for  the  higher  we  make  the  ascending  and 
descending  ])ipcs,  the  more  rapid  is  the  circulation 
of  the  water.*  This  eft'ect  will  neceesarily  result 
from  the  principles  already  explained  :  because, 
as  motion  is  obtained  in  consequence  of  tbe  differ- 
ence ill  weight  of  the  ascending  and  descending 
columns  of  water,  the  greater  the  beight  of  these 
cohmms,  the  greater  must  be  the  difference  in 
their  weight,  anfl  therefore  the  greater  must  be  the 
force  and  velocity  of  motion. 

The  advantages  which  may  be  derived  from  on 
increased  height  in  the  ascending  pipe  cannot,  how- 
ever, be  applied  in  an  unlimited  manner,  becanse 
it  might  lead  to  incoiiveaienee,  and  even  be  at- 
tended with  some  degree  of  danger  to  the  apjra- 
ratus,  if  the  increased  height  were  not  regulated  by 

*  In  tilts  and  tbe  preceding  figarea,  the  pipes  itra  ilrawn 
so  ciB  to  tjUuw  the  flow  and  retnru  pipes  lyiug  one  abore  tbe 
otber.  A  moment's  considerntton  mil  satisfy  any  one  that 
tbe  effi^ct  will  be  tbe  same  if  they  weio  placed  side  hj  eidc  on 
tbe  same  level ;  and  froqaently  this  amuigemeiit  is  tar  more 
oonTeoient. 
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lin  rules,  and  these,  when  ascertained,  npplle<l 
1  judgment. 

The  pressure  produced  by  water  is  calculated 
J  its  columnar  height,  reckoned  froni  the  bottom 
*  the  vessel  in  which  it  is  contained.  Whether 
iie  vessel  be  open  at  „ 

v     i.  3  1  Fio.  5. 

ue  top  and  very  deep, 

'  closed   at  the  top  ~ 

ud  very  shallow,  but 
a  pipe  attached 
the  top,  like  the 
boiler  and  pipe  A  u, 
fijr.  5,  the  pressure 
be  exactly  alike 
,  either  case,  if  the 
Kp  open  boiler  be 
pal  in  heig;ht  to  that 

L  the  fihaUow  boiler  and  upright  piiic  conjointly; 
itwlthstanding  the  quantity  nf  water  may  be  ten 
I,  or  100  times,  lur;;er  in  the  one  case  than  the 
.     Neither  is  the  pressure  increased,  however 
may  be  the  diameter  of  the  pipe  which  is 
;  nor  is  it  lessened  if  the  pipe  be  inserted  at 
ide  of  the  boiler,  as  in  the  dotted  lines  y  z, 
,  instead  of  being  placed  on  the  top. 
the  pressure  of  water  on  each  square  inch  of 
rface  increases  at  the  rate  of  about  half  a  pound* 
every  foot  of  perpendicular  height,  if  the  height 
the  bottom  of  the  boiler  to  the  top  of  the  pi[)e 
c  feet,  the  pressure  on  the  bottom  will  be  three 
ids  on  every  square  inch  of  surface  ;  but  if  the 
be  two  feet  high,  the  pressure  on  the  top — 
The  exact  weight  of  a  perpendicular  foot  of  water  with  a 
in  one  B(iii»re  incii,  is  30a0'24  <iraui»,  at  the  temperature 
V;  wImcU  is  iheroforo  only  ■482S  of  a  pound  avoudupoie. 
cotanui  of  wnler  SO  feet  high  only  givm  a,  pressure  of 
*'  "«..  in»teai]  of  15  lbs.,  as  usually  reckoued  ;  and  Iherc- 
I  real  height  of  a  column  of  water,  which  \\'\\\  give  a 
e  eijiiiil  tu  uue  atmosphctQ,  must  be  34J  feet. 

C    2 
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which  iviU  be  a  pressure  upwards — will  be  only 
two  pounds  on  eyery  square  inch  of  surface,  because 
it  will  only  have  four  perpendicular  feet  of  water 
olwve  it.  If  the  lieight  of  the  pipe  be  increased  to 
28  feet,  and  the  depth  of  the  boiler  be  two  feet,  as 
before,  making  30  feet  together,  the  pressure  will  be 
15  lbs,  on  each  square  inch  of  the  bottom,  14  lbs. 
on  each  square  inch  of  the  top,  and  an  average 
pressure  of  14J  lbs.  on  each  square  inch  of  the 
sides  of  the  boiler.  Suppose,  now,  a  boiler  to  be 
three  feet  long,  two  feet  wide,  and  two  feet  deep, 
yviih  a  pipe  28  feet  high  from  the  top  of  the  boiler; 
when  the  apparatus  is  filled  ivith  water  there  will 
be  a  pressure  on  the  boiler  of  66,816  lbs.,  or  very 
nearly  30  tons.* 

(II.)  When  a  great  pressure  is  used  in  a  hot- 
water  apparatus,  in  the  manner  here  described,  it 
is  necessary  that  the  materials  of  the  boiler  should 
be  stronger  than  they  othenvise  need  be  ;  and 
more  care  is  also  required  in  making  the  joints 
very  sound,  for  attaching  the  pipes  to  the  boiler 
80  as  to  prevent  any  leakage.  But  when  these 
mechanical  difficulties  are  overcome,  the  amount 
of  danger  arising  from  a  great  pressure  of  water 
must  not  be  overated,  for  it  might  otherH'ise  deter 
some  persons  from  adopting  this  form  of  tlie  appn- 
latus,  notwithstanding  its  numerous  advantages. 

(12.)  The  great  dangei*  that  arises  from  the 
bursting  of  a  steam  apparatus  is  in  consequence 
of  the  clastic  force  of  steum,  which,  at  very  high 
temperatures,  is  immense.      But  water  possesses 

•  This  etiormoas  pressure  on  veBsels  wbioh  contain  water 
does  not  occur  iu  the  case  of  pipes  merely  used  for  Ihf  conceyanre 
of  water  :  for  in  this  case,  when  the  water  runs  out  of  the 
lower  eiid  of  a  long  vertical  pipe  as  fast  as  it  runs  ifi  at  tlie 
top,  although  it  be  always  kept  perfectly  fall,  still  there  may 
probably  be  no  pressure  whatever  oa  any  part  of  the  pipu, 
however  greut  its  leugtli  may  be. — liiMum's  itrchaincal  i'hUn- 
i(i]'h</,  vol,  ii.,  p.  580,  rf  irq. 
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r  little  elasticity  compared  with  steam,  its  ox- 

bansive   force    being    almost    inappreciable    under 

brdinary  circumstances.     At  the  pressure  of  15  lbs. 

■  aqunre  inch,  the  water  in  the  boiler  la^^t  de- 

■scribetl,  which  hohls  about  75  gallons,  would  be 

compressed  rather  less  than  one  cubic  itich^  or  about 

l-35th  part  of  a  pint.*     The  expansive  force  of 

-.the   water  in  this  apparatus,  therefore,  even  sup- 

posing  it  were  to  burst,  would  be  perfectly  liarni- 

;  for  it  could  only  expand  as  much  as  it  had 

Xien   compressed;    namely,  one  cubic   inch.     The 

ffect  on  a  boiler,  by  the  pressure  of  the  water. 

"I  be  precisely  similar  to  a  weight  pressing  upon 

tit  equal  to   the  estimated  pressure  of  the  water, 

which  is  quite  ditferent  from  the  sudden  and  violent 

force  produced  by  the  expansive  power  of  steam. 

_Ab  au  apjiarutus  of  this  kind  could  never  be  forced 

isunder,  as  in  the  explosion  of  a  steam-boiler,  the 

nly  result,  imder   the   worst  circumstances  that 

'  1  occur,  woidd  be  a  leakage  of  the  water,  in 

lODsequencc  of  the  cracking  of  some  part  of  the 

oiler. 

Neither  the  principle  nor  the  practical  working 

'  the  apparatus  is  in  the  least  affected  by  having 

my  additional  number  of  pipes  leading  out  of  or 

mto  the  boiler.     The  ettect  is  the  same  whether 

^  there  are  more  flow- pipes    than  return-pipes,  or, 

■  conversely,     more    return-pipes    than    flow-pipes. 

"f  there  be  two  or  more  flow-pipes,  ^vhether  they 

'  from  the  boiler   separately,    or  branch  from 

main    pipe,  or   whether  they  lead  from  op- 

'  According  to  the  experimenta  of  Profesaor  OersteaJ,  the 

mpression  of  water  is  ■0000461  by  a  pressure  of  15  lbs,  per 

U9  inch  ;  and  he  has  found  that  it  proceeds  pari  passu  as 

S  65  atmospherea,  which  was  the  limit  to  which  his  experi- 

mts  extended.    This  compreBsion  is  about  equal  to  reduatng 

I  bulk  of  water  ,',,  of  its  volume  by  a  pressure  of 

ce  iDch.^Reporl  l.tritinh  Seiciitinc  .Issocia- 


r,  ToL  U., 
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posite  sides  of  the  boiler,  or  all  from  one  side, 
each  range  of  pipes  wUl  act  separately  and  have  a 
velocity  of  circulation  peculiar  to  itself.  One 
range  of  pipes  may  uct  efficiently,  ivUile  another, 
thimgli  attached  to  the  same  boiler,  may  have  no 
ciroulntion  whatever  through  it ;  and  tliis  effect 
will  not  be  altered  wlietlier  the  pipes  return  into 
the  boiler  separately,  or  all  unite  into  one  main 
pipe.  The  pressure,  supposing  the  pipes  to  rise 
vertically  from  the  boiler,  will  likewise  be  pre- 
cisely the  enme,  however  numerous  the  pipes 
may  be.  This  circumstance  is  one  of  the  pecu- 
liarities which  distinguish  fluids  from  solids.  For 
if  the  fluid  in  any  close  vessel  be  pressed  by  the 
fluid  contained  in  an  upriglit  pipe,  so  as  to  pro- 
duce a  pressure  of  10  lbs.  on  the  square  inch  ;  if  a 
second  pipe,  capable  of  exerting  a  similar  pree- 
Biire  with  the  first,  be  placed  upon  the  same 
vessel,  the  united  pressure  will  still  be  only 
10  lbs.  per  square  inch  ;  and  it  would  bo  no  more, 
though  ever  so  large  a  niunber  of  pipes  were 
added,  provided  the  vertical  height  were  not  in- 
creased. 

(13.)  One  advantage  may  be  obtained  by  caus- 
ing the  water  to  rise  fi'om  the  boiler  by  an  as- 
cending pipe,  as  in  fig.  5,  which  cannot  be 
accomplished  by  any  other  means  ;  and  it  is  of 
considerable  importance  to  ascertain  its  true 
effect,  as  it  has  produced  consequences  which 
are  not  generally  attributed  to  the  right  cause. 

The  force  and  velocity  of  motion  of  the  water, 
being  proportional  to  the  vertical  height  oi  the 
ascending  and  dencendlng  pipes ;  hy  increasing 
this  lieight,  a  facility  is  aftbrded  for  taking  the 
pipes  beloiv  the  horizontal  level,  as,  for  instance, 
when  it  is  required  to  pass  them  tinder  a  door- 
way, or  other  siuulur  obstruction,  before  they 
finally  return  to   the  bottom  of  the  boiler.     In- 
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numerable  failures  have  occurred  in  attempting  to 
make  the  water  descend  and  again  to  ascend  in 
this  manner,  the  success  of  the  experiment 
depending  entirely  upon  the  vertical  height  of 
the  ascending  pipe  above  the  boiler.  These  alter- 
ations of  the  horizontal  level,  which  are  frequently 
very  desirable,  have,  of  course,  their  limits, 
beyond  which  they  capnot  be  carried.  It  is  from 
not  having  ascertained  what  are  these  limits,  and 
what  the  cause  of  the  limitation,  that  such 
uncertainty  has  hitherto  prevailed  with  regard  to 
this  experiment ;  for  it  frequently  succeeds,  but 
more  frequently  fails,  in  practice.  It  will  be  most 
convenient,  however,  to  consider  this  subject  after 
we  have  ascertained  what  is  the  amount  of  motive 
power  of  the  water  in  this  kind  of  apparatus. 


I 


CHAPTER  II. 

On  the  Motive  Power  of  the  Water — Oa  increaaiug  tlie  &fotini  ^ 
Power — Velocity   of    Circulation — Circulatiou   of  Water 
below  the  Boiler — Direct  and  Reversed  Circulatioa — Air- 
Vents — Supply  CiBteriia — Expansion  of  Pipes,  ic. 

(14.)  It  lias  already  been  mentioned  that  the 
power  which  produces  circulation  of  the  water  ia 
the  unequal  pressure  on  the  return  pipe,  in  conse- 
quence of  the  greater  specific  gravity  of  the  wat» 
in  the  descending  pipe,  above  that  which  is  in 
the  boiler.  Whether  this  force  acts  on  a  long 
length  ot  return  pipe,  as  y  z,  fig.  2,  or  only  on  a 
very  short  length,  as  /,  fig  3,  the  result  mil  be 
precisely  similar. 

Now,  it  is  evident  that,  if  this  unequal  pressure 
is  the  vis  viva,  or  motive  power,  which  sets  in 
motion  the  whole  quantity  of  water  in  the  ap- 
paratus, it  is  only  necessary,  in  order  to  aseertMn 
the  exact  ainoitnt  of  this  force,  that  we  know  the 
specific  gravities  of  the  two  columns  of  water; 
and  the  difference  will,  of  course,  be  the  effective 
pressure,  or  motive  power.  This  can  be  accurately 
I  determined  when  the  respective  tem])erature8  of 
the  water  in  the  boiler  and  in  the  descending  pipe 
are  known.* 

•  A  thermometer  suitable  for  this  pnrpose  waa  long  fiince 
proposed  by  M.  Fourier,  and  oalJed  by  him  the  thermometer 
of  contact.  It  oonsiste  of  a  very  small  iron  cnp.  jnsl  large 
enoueh  to  hold  the  bnlh  of  the  thermometer,  but  witlioat 
a  bottom  to  it.  Over  the  bottom,  a  piece  of  goldbeater's  skin 
ia  tn  ho  tied,  and  the  eup  is  then  to  have  a  little  meroDiy  pot 
is  it,  into  which  the  hulb  of  the  thermometer  is  to  dip.     The 
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As  this  difterence  of  temperature  rarely  exceeds 
a  very  few  dcfjrees  in  ordinary  cases,  the  ditFer- 
ence  in  the  weight  of  the  two  columns  must 
necessarily  he  very  small.  But,  probably,  the 
very  trifling  difference  which  exists  between 
them,  or,  in  other  words,  the  extreme  smnllnesa 
of  the  motive  power,  is  very  imperfectly  compre- 
hended, and  will,  perhaps,  be  regarded  %vith 
some  surprise  when  its  amount  is  shown  by  exact 
computation. 

(15.)  In  order  to  ascertain,  without  a  long  and 
troublesome  calculation,  what  is  the  amount  of 
motive  power  for  any  particular  apparatus,  the 
following  Table  has  been  constructed.  An  ap- 
paratus is  assumed  to  be  at  work,  having  the 
temperature  in  the  descending  pipe  170°  :  and 
the  difference  of  pressure  upon  the  retuni-pipe  is 
calculated,  supposing  the  water  in  the  boiler  to 
exceed  this  temperature  by  from  2"  to  20°.  This 
latter  amount  exceeds  the  difference  that  usually 
occurs  in  practice. 

By  referring  to  the  annexed  Table,  it  will  be 
(bund  that  when  the  difference  between  the  tem- 
perature of  the  ascending  and  the  descending 
columns  amounts  to  8°,  the  difterence  in  weight 
va  ^'IG  grains  on  each  square  inch  of  the  section 
of  the  return-pipe,  supposing  the  height  of  the 
toiler  A,  fig.  2,  to  lie  12  inches.  This  height,  how- 
^«ver,  is  only  taken  as  a  convenient  standard  from 
'hich    to    calculate  ;     for,    probably,    the    actual 

;ht  will  seldom  be  less  than  about  18  inches, 

1,  in  many  cases,  it  will  be  considerably  more, 
cup,  nheii  placed  on  auy  hot  surface,  will  accurately  ebow  the 
teiQperatiire,  tlie  contact  between  the  skin  and  the  surface 
'being  extremely  perfect.  As  n  permnnent  adjunct,  however, 
to  the  hot-water  appanitua,  it  is  much  better  to  use  a  ther- 
,inomotcr  fitted  with  a  hollow  Bcrew-unt,  by  which  it  can  be 
Mcurately  Gxed  to  the  apparatne,  and  the  bulb  actniJly  dips 

tho  water  of  the  apparataa. 
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DifFeience  in  Woight  of  Two  Coluoma  of  Water,  each  One 
Foot  iugh,  at  Tarioae  Temperatorea. 


Diffeienca  In 

Two  Columns 

of  Walw: 
inDegreoBof 

Scale. 

Differmife  ill  Weight 
of  Two  CoIonuiB  of  WnMr  contuined  in  Oilleraat-aiEed 

Pipes,  eaoU  One  Foot  iu  iimght. ' 

lm.diuu. 

Sin.diiun.  laiii.iUain. 

4iu.diitni. 

pot  Bq.  ia. 

2" 

gta.  woight 
1-6 

6n.wglit 

gra.  weislii 
U-3 

gTi.weisht 
25-4 

'"«» 

4" 

3-1 

12-7 

28-8 

Sl-1 

4-068 

0'' 

4-7 

191 

483 

70-7 

c-ioe 

a- 

6-4- 

25-6 

57-9 

102-& 

S-160 

10^ 

8-0 

82'U 

728 

128-1 

10-200 

12" 

9-6 

S8-5 

87-0 

154-1 

12-264 

14" 

11-2 

45  0 

101*7 

1800 

14-828 

ie° 

12-8 

61-4 

116-8 

20S-9 

lfl-892 

IS- 

14.4 

67-9 

131-0 

231-9 

18-456 

20" 

16-1 

64-5 

U5-7 

2580 

20-682 

*,*  Tho  abovo  Table  has  been  calculated  by  the  formoLi 
given  with  Table  IV..  in  the  Appendix,  for  ascertaining  the 
specific  gravity  of  Water  at  different  temperatores.  The 
assamed  temperature  is  from  170°  to  100°. 

Now,  suppose,  ia  such  a  form  of  apparatus  as 
fig.  2,  the  boiler  to  be  two  feet  high  ;  the  disWuce 
from  the  top  of  the  upper  pipe  to  the  centre  of  the 
lower  pipe  to  be  18  inches  ;  and  the  pipe  four 
inches  diameter  ; — if  the  difterence  of  temperature 
between  the  water  In  the  boiler  and  in  the  de- 
scending pipe  be  8",  the  Ultt'erence  of  pressure  on 
the  return-pipe  will  lie  153  ifrains,  or  about  one- 
third  part  of  an  ounce  weiglit;  and  this  will  bo  the 
whole  amount  of  motive  power  of  the  apparatus, 
whatever  be  the  lengtli  of  pipe  attached  to  it.  If 
such  an  apparatus  lisive  100  yanls  nf  pipe,  four 
inches  diameter,  and  the  boiler  contains,  suppose 
30  gallons,  there  will  be  190  gallons,  or  1,900  lbs. 
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Pfreigbt  of  water  kept  in  continual  motion  by  a  ! 
librce  only  equal  to  one-third  of  an  ounce.*  This  \ 
calculation  of  the  amount  of  the  motive  power,  in 
comparison  with  the  woight  moved,  will  vary 
tinder  dittVrcnt  circumstances  ;  and  in  all  cases  the 
velocitj'  of  the  circulation  will  vary  simultaneously 
with  it. 

(16.)  It  will  be  observed  in  the  foregoing  Table 
■that  the  amount  of  motive  power  increases  with  i 
*the  size  of  the  pipe  :    for  instance,   the  power  is 
ibnr  times  as  great  in  a  pipe  of  four  inches  dia- 
Eaeter  as  in  one  of  two  inches.     The  power,  how- 
fever,  bears  exactly  the    same  relative  ])ro])ortion 
'  3  the  resistance  or  weight  of  water  to  be  ])Ut  in 
notion  in  all  the  sizes  alike.     For  although  the 
otive  power  is  four  times  as  great  in  ]>ipe8  of 
bar  inches  diameter  as  in  those  of  two  inches, 
ihe  former  contains  four  times  as  much  water  as 
'ixe  latter ;  the  power  and  the  resistance,  therefore, 
J  relatively  the  same, 
(17.)  As  the  motive  power  is  so  small,  it  is  not' 
at  all  Burivrising  that,  by  an  injudicious  arrange-  ' 
ment  of  the  dilfercnt  parts  of  an  apparatus,  the  ' 

*  H.  DglrocLet  made  some  experiments  on  the  lufliienciug 
lauaee  of  tbe  motion  of  currents  of  liquids.  He  fonnd  that  a 
difference  of  temperatiire  of  l-8Q0th  of  a  degree  was  auffiuieut 
lo  produce  currents  when  aided  by  light,  but  the  motions 
>ewed  on  light  being  excluded.  In  the  absence  of  light  (except 
brbat  was  nGce§sar7  to  distinguish  the  object)  the  sound  of  a 
Violoncello  or  of  a  bell  produced  circulatioQ  in  tbe  liquid  He 
B)»efore  concluded  thiit  the  most  minute  differeuoes  of  tem- 
beratore  will  produce  motioa  among  the  particles  of  a  duid 
nrhen  aided  by  light  or  any  other  cause  which  produces  feeble 
Tibratioua  to  t!ie  particlea  of  the  liuid.  Quart.  Journal  of 
B&Mficf,  vol.  xxix.,  p.  VlH.  It  is  not  stated  how  this  smalt 
B  of  heat  was  uBcertaineJ.  The  effects  of  souud  may 
bly  be  in  some  way  uooiieuted  irith  a  fact  which  l^iot  at- 
'"  J  to  demonstrate  by  experiment — that  every  vibration 
tiorons  body  in  elastic  media  is  accompanied  with  a 
i  of  temperature.  Memoiren  de  la  SociiCv  d'An-uHl, 
*■    1  lietrospeec  ■>/  Science,  vol.  v.,  p.  429. 
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i  resulting  motion  may  frequently  be  impeded,  and 
sometimes  even  totally  deetroyed  ;  for  the  slower 
the  circulation  of  the  water,  the  more  likely  is  it 
to  be  interrupted  in  its  course.     There  are  two 
'  ways  by  which  the  amount  of  the  motive  power 
I  may  be  increaeed  ;  one,  by  allowing  the  water  to 
/  cool  a  greater  niunlier  of  degrees  between  the  time 
/  of  its  leaving  the  boiler  and  the  period  of  its  retnni 
I  through  the  descending  ])ipe  ;    the  other,  by  in- 
)  creasing  the  vertical  height  of  the  ascending  and 
'  descending  columns   of  water.     The   effects  pro- 
duced by  these  two  methods  are  precisely  similar; 
for,    by   doubling    the    difference   of  temj)ei*ature 
between   the    flow-pipe   and    the    return-pipe,  the 
same  increase  in  power  is  obtained  as  ijy  doubling 
the  vertical  height ;  and  tripling  the  difference  in 
temperature  is  the  same  as  tripling   the  vertical 
height.*     This  can  be  ascertameJ  by  referring  to 
tbe  preceding  Table.     Thus,  suppose,   wlien  the 
difference  of  temperature  is  8°,  and  the    vertical 
heiglit  four  feet,  that  the  motive  power  is  32"6 
grains  i>er  square  inch :  if  the  difference  of  tem- 
perature   be    iacrea-ied    to    16",    while   the   hei^it 
remains  the  same,  or  if  tbe  height  be  increased  to 
eight  feet    while  the   temperature   remains  as  at 
first,    the   pressure,    in    either  case,  will    be    65'2 
grains    per    square    inch,     or    twice    the    former 
amount.     The  same  rule  npplies  to  other  differ- 
ences, both  of  height  and  temperature. 

(18.)  Almost  the  only  two  methods  of  increasing 
the  difference  of  temperature  between  the  ascend- 
ing and  the  descending  columns,  are,  either  by  in- 
creasing the  quantity  of  pijie,  so  as  to  allow  the 
water  to  flow  a  greater  distance  before  it  returns 
to  the  boiler ;  or,  by  diminishing  the  diameter  of 
the  i>ipe,  so  as  to  expose  more  surface  in  proportion 

■  fhia  is  without  reference  to  friction :  the  effect  will  tliiire- 
fore  be  a  little  modifi^  by  this  cause.     (Soo  Art.  22  ftn<I  JS.) 
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the  quantity  of  water  contained  in  it,  and  by 
means  to  make  it  part  with  more  Iieat  in  a 
:n  time.  (Sec  Art.  61.)  The  first  of  these 
methods,  however,  is  necessarily  limited  hy 
i  extent  of  the  building  that  is  to  be  heated,  to 
the  quantity  of  pii>e  must  be  adjusted  in 
rder  to  obtain  the  required  temperature:  and,  as 
the  second,  there  are  many  objections  against 
reducing  the  size  of  the  pipes,  which  will  be  con- 
Gidered  presently.  Tlie  increase  of  motive  power 
be  obtained  by  increasing  the  height  of  the 
iBcending  column  of  water  is.  therefore,  what 
principally  be  depended  on,  when  additional 
ower  is  required  to  overcome  any  unusual  ob- 
itructions. 

(19.)  In  all  cases  the  rapidity  of  circulation  is 
woportional  to  the  motive  power ;    and,  in  fact, 
former  is  the   index  of  the   latter,    and    the 
&  of  its  amount.     For  if,  while  the  resistance 
ains  uniform,  the  motive  power  be  increased  in 
Ipy  mamier  or  in  any  degree,  the  rate  of  circula- 

1  ■mil  inci-ease  in  a  relative  proportion.  Now 
motive  power,  irrespective  of  retardation  by 

notion,  may  be  aiigmentetl,  as  we  have  already 
either  by  increasing  the  vertical  height  of 
pipe,  by  reducino;  its  diameter,  or  by  in- 
isiug  its  length.  If  by  any  of  these  means  the 
Krcnlation  be  doubled  in  velocity,  then,  as  the 
will  |>ass  through  the  same  length  of  pipe 
1  half  the  lime  it  did  before,  it  will  only  lose  half 
i  mach  heat  as  in  the  former  case,  because  the 
B  of  cooling  is  not  iimjiortional  to  tlie  distance 
"Ough    which  the   water  circulates,  but  to  the 

2  of  transit.  If,  then,  by  sufficiently  increasing 
vertical  height,  and  doubling  the  velocity  of 
circuliition.    the  difference  between    the  tem- 

raturc  of  the  flow-jnpc  and  the  return-pii)e  be 
'iiished  one-half,  it  might  I>e  supposed  that  the 
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motive  power  of  tbe  apparatus  would  remain  the 
same,  and  no  advantage  would  appear  to  be  gwned 
by  this  ineana.  But  this  is  not  exactly  the  case. 
For  although,  wliether  we  double  the  vertical 
height,  or  double  the  horizontal  length,  we  shall, 
in  either  case,  increase  the  velocity  of  motion ; 
yet  it  will  require  a  quadruple  increase  of  verti- 
cal height,  or  a  quadruple  iucrease  of  horizontal 
length,  to  obtain  double  the  original  rate  of  cir- 
culation. (See  Art.  21.)  The  increased  velocity 
is,  therefore,  indicative  of  increased  i)Ower ;  and, 
in  a  hot-wa'er  apparatus,  it  is  the  increased  velo- 
city of  circulation  which  overcome*  any  obstruc- 
tions of  a  greater  amount  than  ordinary. 

(20.)  The  velocity  with  which  the  water  "cir- 
culates in  this  kind  of  apparatus,  although  con- 
tinually subject  to  variation,  can  nevertheless  be 
calcnlatcd  theoretically,  when  certain  data  are 
agreed  upon,  or  are  ascertained  to  e.\ist. 

When  the  two  legs  of  an  inverted  siphon  a, 
fig.  6,  are  filled  with  liquids  of  unequal  deueity, 
if  the  stop-cock,  z,  be  turned,  so  as 
to  open  tlie  communication  between 
them,  the  lighter  liquid  wUI  mov« 
tij^warda  mth  a  force  proportional 
to  the  difference  of  weight  of  the 
two  columns,  [irovidcd  the  bulk  of 
the  two  liquids  be  equ.-i!.  Jf  one 
leg  contains  oil  and  the  other  con- 
tains water,  the  relative  weights 
will  W  about  as  nine  to  ten ;  therefore  it  will  re- 
quire 10  inches  of  vertical  height  of  oil  to  bahmcc 
9  incheg  of  wat«r,  and  no  motion  will  in  that  case 
take  place.  But  when  equal  bulks  of  the  two 
fluids  are  used,  the  velocity  of  motion  with  which 
the  lighter  fluid  is  forced  upwards  is  equal  to  tliu 
velocity  which  a  solid  body  would  acquire  in  fall- 
ing, by  its  own  gravity,  through  a  space  equal  to 
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2  additional  heujht  which  the  lighter  body  would 

Mupy  ID  the  siiihon,  supposing  .1  similar  weight 

pi  each  fluid  be  used.     This  velocity  is  easily  cal- 

feulatcd.     A  gravitatinj^  body  falls  16  fcet  in  the 

Brst  second  of  time  of  its  descent,  64  Icet  in  two 

teconds,  and  so  on,  the  velocity  increasing  as.  the 

qiiare  of  the  time ;  therefore  the  relative  velocities 

B  the  square  roots  of  the  heights.     Now,  in  the 

ISC  of  the  siphon,  which  we  have  supposed  to  con- 

'  1  a  column  of  water  and  a  column  of  oil,  as  the 

K>il  ought  to  be  1 0  inches  high  to  balance  the  9  inches 

pf  water,  the  oil  in  the  one  leg  will  be  forced  n\)- 

rils  with  a  velocity  equal  to  that    which    the 

•ater  (or  any  other  body)  would  ac(|uire  by  falling 

■ougli  one  inch  of  space;  and  this  velocity,  we 

lall  6nd,  is  equal  to  138  feet  per  minute,* 

(21.)  To  estimate  the  velocity  of  motion  of  the 

ifater  in  a  hot-water  upparutus,  the  eame  rule  will 

apply.     If  the  average  temperature  l)e  170",  the 

unercnce  between  the  temperature  of  the  ascend- 

ond  the  desceuding  columns  8",  and  the  height 

•  The  Tolooity  will  be  as  the  square  root  of  10  feet  per  second 

>  tha  eqiinre  root  of  tJiQ  aildiUotml  lieiglit  n'liich  an  e'liial 

eight  of  the  lighter  liqaiil  would  occupy,  reduced  to  tUo 

mftt  of  IV  foot;  and  as  the  ad^alred  Telocity  of  a  body  at 

ad  of  a  given  time  is  twiue  as  much  as  the  distance  it 

i  through  in  arriviiig  at  any  given  velocity  by  acccle- 

f»tedmotion,  or,  in  other  words,  as  a  body  which  falls  through 

aS  fcet  of  space,  in  one  second,  will  proceed  at  the  rate  of 

'iSSfeet  pet  second  afterwards,  without  receiving  any  additional 

impnlee ;  ao  the  velocity  found  by  tliis  rule  will  be  only  half 

Ulfi  real  velocity;  and  the  number  thus  obtained  must  bo 

^multiplied  by  2.     I'he  velocity  will,  therefore,  be  found  by 

Baitltiplying  the  square  rool  of   the    difference   between  the 

'eight  of  the  two  columns  in  decimals  of  a  foot  by  the  ai/uare 

•jt  of  IG.  and  then,  multiplying  that  product  by  2,  will  give 

6  real  velocity  per  sfcunil. 

The  discharge  through  a  siphon,  employed  to  empty  casks 
Uid  other  TeaaelB,  can  also  be  calculated  by  this  rule :  the 
Telocity  of  motion  wJli  be  equal  to  the  diiference  in  length  of 
"'  B  two  legs. 
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10  feet ;  when  similar  weights  of  water  arc  placed 
in  each  column,  the  hottest  will  stand  '331  of  an 
inch  higher  than  the  other ;  *  and  this  will  give  a 
velocity  equal  to  79-2  feet  per  miniiU.  If  the  height 
be  5  feet,  the  difference  of  temj^rature  remaining 
as  before,  the  velocity  will  be  only  55'2  feet  per 
minute ;  but  if  the  difference  of  temperature  in  this 
last  example  had  been  double  the  amount  stated — 
that  is,  had  the  difference  of  temperature  been  IG", 
and  the  vertical  height  of  the  pipe  5  feet — then  the 
velocity  of  motion  would  have  been  79'2  feet  per 
minute^  the  same  as  in  the  first  example,  where  the 
vertical  height  was  10  feet,  and  the  difference  of 
tcm|)er!iture  8".  This,  therefore,  proves,  in  cor- 
roboration of  what  has  been  already  stated  (Art. 
19J.  that  j-educing  the  temperature  of  the  water, 
either  by  using  smaller  pipes,  or  by  increasing  the 
length  through  which  it  flows,  has  the  same  effect 
on  the  circulation  as  increasing  the  vertical  height, 
lea^*ing  out  of  consideration  the  question  of  friction. 
The  velocity  for  3  feet  of  vertical  height,  by  the 
same  rule,  ivill  be  43'2  feet  per  minute,  for  2  feet  of 
vertical  height  it  will  be  36  feet  per  minute,  and 
for  18  inches  of  vertical  height  it  will  be  30'7  feet 
per  minute,  if  the  difference  of  temperature  between 
the  two  columns  he  in  each  case  8",  the  same  as  in 
the  fonncr  examples.  It  must  here  Ije  observed, 
however,  that,  although  it  appears  by  these  calcu- 
lations that  increasing  the  vertical  height  of  the 
pipe  fourfold  will  produce  a  double  velocity  of 
circulation,  as  the  water  will  then  pass  through 
the  pipe  in  half  the  time,  the  difference  between 
the  temperature  of  the  flow-pipe  and  the  return- 
pipe  will  be  lessened,  and  the  velocity  will  at  last 
become  a  mean  rate;  so  that  the  mere  quadruple 
increase  of  vertical  height,  without  the  horizontal 

•  Tha  espanaioa  of  water  will  be  foiinJ  in  Table  TV., 
Appendix. 
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be  at  the  same  time  increased,  will  only 
dnce  a  rate  of  circulation  about  one  and  a  half 
me*  the  original  velocity. 

(22.)  Such  is  the  result  of  theory;  but,  although 
liis  be  true  in  itself,  we  shall,  in  practice,  find  but 
few  cases  that  in  any  way  agree  with  these  results, 
consequence    of    other    causes    modifying   the 
Even  in  an  ajjparatus  in  which  the  length 
'  pipe  is  not  very  considerable,  where  the  jupee 
■e  of  large  diameter,  and  the  angles  few,  n  large  de- 
duction from  the  theoretical  amount  must  be  made, 
)  represent,  with  tolerable  accuracy,  the  true  velo- 
Eity.    And  in  more  complex  a|i])aratus  the  velocity 
r  circulation  ia  so  much  reduced  by  friction,  that 
%t  will  sometimes  reipiire  from  50  to  90  per  cent, 
nd  upwards  to  be  deducted  from  the  calculated 
frelocity,  in  order  to  obtsiin  the  true  rate  of  circu- 
pttion.*     The  calculation  of  the  friction  of  water 


I  •  It  has  been  fonnd  by  experiment  {!hbi»on'n  rhiUnuiphij, 
^30),  tliat  a  smooth  pipe  4i  uicbeB  ia  dt&meter,  aad 
W  jarda  long,  yields  but  one-fifth  of  the  quantity  of  water 
■hioh  it  onglit  to  do.  independent  of  friction.  And  llr.  George 
loie  found  ( PhUoiopkU-al  Tramactiam,  1881)  that  the  velo- 
lityof  a  haU-iuch  pipe  waB  reduced  nearly  three- fmirtlis  (that 
II,  from  it'7  to  ])  by  increasing  its  length  from  1  foot  to 
0  feet ;  that  three  semicircnlar  bends  reduced  tlie  velocity  jV 
_[i  B  abort  pipe,  and  11  such  bends  reduced  it  y,,  of  its  velo- 
Bity,  while  24  right-angled  bends  reduced  the  velocity  nearly 
D-thijds.     The  results  of  M.  Prony's  experiments  led  bim 

"lo  adapt  the  formula  V  =  2(i-7i)  — j—  for  the  discharge 
ihEODgh  straight  pipes:  D  being  the  diameter  of  the  pipe  ;  Z 
tb*  altitude  of  tlie  head  of  water;  L  the  length  of  the  pipe  in 
Birtree  ;  and  V  the  meau  velocity.     M.  Dobuat'a  formula  for 

iontion  by  tiexure  is  E  =^  itciiu)  '■  "'^^•"^  I'  '^  ^1*^  resist- 
V  the  mean  velocity ;  8  the  sine  of  tho  Migle  of  incl- 
lence  ;  >i  tbe  nnraher  of  equal  rebounds.  Dr.  Voitn<;  {I'liilo- 
ilAii^al  fuimaclians,  1608)  objects  to  this  theory,  and  gives  a 
'TewDl  one,  which  he  considers  more  neatly  to  represent 
ift  true  result. 

n 
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passing  tlu'ougli  pipes  is  alike  complicated  and 
nnsatisfactory.  Though  the  question  has  been 
investigated  by  some  of  the  most  able  philofiophers 
and  mathematicians,  a  Bimple  and  correct  formula 
on  this  subject  is  still  a  desideratum ;  and  in  the 
present  state  of  knowledge  of  the  subject  it  would 
be  almost  impossible  to  determine  what  would  be 
the  resulting  velocity  of  circulation  in  a  hot-water 
apparatus  of  complicflted  construction.* 

(23.)  In  addition  to  these  ordinary  causes  which 
impede  the  circulation,  and  which  are  common  to 
all  hydraulic  experiments,  there  is  another  that  is 
Btill  more  important,  and  is  peculiar  to  the  hot- 
water  a])paratus.  The  vertical  angles  in  the  pipe, 
or  those  angles  which  carry  the  pipe  below  the 
horizontal  level,  increase  the  resistance  in  this 
'  case  to  a  very  considerable  extent,  for  they  oppose 
not  merely  a  passive  resistance  by  friction,  but 
they  engender  a  force  of  their  own,  tending  in  an 
opposite  direction  to  that  of  the  prime  moving 
power. 

The  motion  of  the  heated  particles  of  water  is 
very  different  ui  passing  through  an  ascending 
pipe,  compared  with  that  which  takes  place  in  a 
descending  pipe.  The  heated  particles  rise  up- 
wards through  an  ascending  pipe  with  great 
rapidity,  and  when  the  sj>ace  occupied  by  tbo 
displaced   particles    is   Eui»pljed    by   water  from 

•  In  BohUoii's  SlKhanical  I'hihsoph:/.  Tol.  li..  pp.  2G1-C27, 
will  be  found  much  informatiuu  on  this  subject,  with  the  re- 
stiUa  of  nearly  all  the  experiments  that  have  been  made. 
Also  Bee  Dr.  T,  Young,  Philosoj-hical  Tramaetwiu,  1881 ; 
yicliolnoit't  Journal,  Tol.  xxii.,  p.  104,  and  I'liihuopMcai 
Maijaxitie,  Tol.  SXxUi.,  p.  128;  Mr.  G.  Bennie,  I'hUoiophktd 
7'TaJi»aetions,  1831.  and  Uejiurtt  lirit.  SH.  Jtaac,  vol.  iL, 
p.  I5S,  Hud  to),  til.,  p.  415.  In  tliese  Heveral  norks  are 
given  the  expeiimeuta  of  BosiJUt,  Prony,  Dubuat,  Eytelwein. 
Ventun,  Borda,  and  others.  \[bich  comprise  nearly  tUl  thai 
is  known  on  this  difficult  subjoct. 
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the   motion  becomes  general  in  one  <li- 

iction,    being    moat    rapid    in    the    centre,    and 

[radaally  decreasing  towards  the    circumference, 

,  on  account  of  the  friction,  it  becomes  com- 

Hiratively   slow.     But   in  a  descending  pipe    the 

liircumBtancea  are  veiy  different,  the  motion  being 

'i  more  like  that  of  a  solid  body.      For  as  the 

lated   ]iarticle8    iire   unable   to   force    their   way 

[ownwards  through  those  whicli  arc  colder  and 

lavler  than  themselves,  the  only  motion  arises 

J  the  cold  water  flowing  out  at  the  bottom,  its 

e    being   then   supplied   at   the    toji    by    that 

3h  is  warmer,  the  whole  ajiparently    moving 

igether,  instead   of  the  molecular  action  which 

been  described  as  the  proper  motion  in  an 

sending  pipe. 

' "  I.)  In  an  apparatus  constructed  as  iig.  7,  the 

botion  through  the  boiler  and  pi|)c  a  b,  and  through 

ite    descending    pij^e 

talces  place    ac- 

ng    to    the    two 

008  here  descri- 

Butit  is  evident 

,  on  motion  com- 

leneing  in  the  return 

y    z,    in    conse- 

ice  of  thL'  greater 

resBUre  of  c  d  tlian  of  a  b,  the  water  from  a  will 

forced  towards  e.  at  the  same  time  that  the 

mter  in  t,  /,  g,  h  flows  towards  c.     But  when  a 

y  small  quantity  of  hot  water  has  passed  from 

1  pipe  and  lx)iler,  a  b,  into  the  pipe  e  /,  the 

amn   of    water  g  h  will    be  heavier   than  the 

lluiun  e  J\  and  therefore  there  will  be  a  tendency 

motion  to  take    |)lace    along  the   upper   pipe 

'anis  the  boiler,  instead  of  from  it.     '1  his  force, 

latever  be  its  amount,  must  be  in  opposition  to 

i  which  occura  in  the  lower  or  return  pipe,  in 

d2 
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consequence  of  the  pressure  of  o  D  being  greater 
than  A  B  ;  and  unless,  therefore,  the  force  of  motion 
in  the  descending  pipe  c  i)  be  sufficient  to  over- 
come this  tendency  to  a  retrogade  motion,  and 
leave  a  residual  force  sufficient  to  produce  lUrect 
motion,  no  circulation  of  the  water  can  take 
place. 

(25.)  An  extremely  feeble  power,  as  we  have 
already  seen.  (Art.  15)  will  produce  circulation  of 
the  water  in  an  apparatus  where  there  are  ho  un- 
usual obstructions  ;  but  it  is  a  necessary  result  of 
the  motive  power  being  so  very  small,  that  it  ia 
easily  neutrahzed.  So  trifling  a  circumstance  as  & 
thin  shaving  planed  off  a  piece  of  wood,  and  acci- 
dentall)'  getting  into  a  pipe,  has  been  known  effec- 

I  tually  to  ])revent  the  circulation  in  nn  apparatus 

[  otherwise  jteriect  in  all  its  jiarts. 

It  is  not  sufficient,  then,  when  such  an  ob.^truc- 
tion  as  the  vertical  dip  from  the  horizontal  level, 
shown  by  the  last  figure,  has  to  be  surmounted, 
merely  to  make  the  direct  force  of  motion  suffi- 
cient to  overcome  the  antagonist  force,  and  to 
leave  the  smallest  possible  residual  amount,  for 
the  puqiose  of  causing  circulation  ;  because  an 
amoimt  which  woidd  be  sufficient  for  tliis  pur[)0se, 
as  an  undivided  force,  would  not  be  found  sufficient 
as  a  residual  force. 

(26.)  In  estimating  the  additional  height  which 
it  is  necessary  to  give  to  the  ascending  column, 
in  order  to  overcome  such  an  obstruction  as  shown 
in  fig.  7,  it  will  be  necessary  to  take  into  account 
what  is  the  length  and  diameter  of  the  pi[)e 
through  which  the-  water  will  have  to  pas?  ;  for  on 
this  dejK'nds  the  difference  of  tem|)erature  be- 
tween the  ascending  and  descending  columns, 
which  we  have  seen  materially  affects  the  amount 
of  the  motive  power  of  tlie  apparatus.  If  the 
length  of  pipe  be  considerable,  a  6oniewlmt  Bmaller 
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^  of  the  vertical   height  of  the  ascending; 

pi\to  will  surtice  ;  but  if  tlie  lenjicth  of  pipe  be 
'tiort,  a  greater  height  must  be  allowed.*  The 
(inperaturc  to  which  the  iiir  surrounding  the 
|iilK;9  is  to  be  misud  will  also  modify  the  result  ; 
iiir  on  tbia  will  depend  the  quantity  of  heat  given 
out  by  the  pipes  per  minute,  which  likewise  affects 
ihe  temperature  of  the  descending    pipe.      (Art. 

mF  (27.)  Under  such  a  great  diversity  of  circum- 
,  it  would  be  difficult  to  form  a  rule  for 
Bating  what  ought  to  be  the  height  of  the 
ndiug  pipe  in  such  cases  ;  because  not  only 
these  cinnimstances  different  in  each  appa- 
ratus, but  they  likewise  differ,  in  some  respects, 
in  the  same  apparatus  in  the  different  stages  of  its 
working.  The  difficulty  is  also  increased  by  not 
"ng  able  to  fix  on  an  absolute  minimum  measure- 
nt,  which  is  sufficient,  under  all  circumstances, 
I  cause  a  circulation  of  the  water  in  the  common 
1  of  the  apparatus.  There  have  been  instances 
apparatus    have     succeeded,    though   con- 

'  This  applies  merely  ti)  tlie  possibility  of  producing  motion, 
i  not  to  tiie  reaultiug  velocity  of  the  ciroulation.  For  it 
nt  bn  borne  in  mJQd  that,  idthoagh  in  every  case,  by  in- 
log  the  length  of  the  pipe,  or  by  reducing  ita  diameter, 
lUse  the  water  to  assume  a  greater  difference  of  tempera- 
a  botween  the  ascending  and  the  descending  colanms,  and 
feby  incieaBe  the  ciroulation,  still,  in  both  these  cases,  we 
Wtly  increase  the  friction,  which  therefore  considerably 
ct8  (torn  the  advantages  gained  by  this  greater  diEFer- 
B  of  temperature.  And  as  the  friction  is  a  certain  quan- 
ff,  compounded  of  the  square  root  of  the  length  of  the  pipe 
^otly,  and  the  diameter  of  the  pipe  inversely,  it  follows 
ttt  the  friction  may  become  so  great,  by  increasing  (he 
Bgtb  and  reducing  the  diameter,  as  completely  to  neutralize 
^  baaeticial  ell'ect.  Unless,  therefore,  the  circulation  is 
«]y  active,  the  apparatus  will  be  of  such  enequal  tem- 
htore  oa  to  render  it  nearly  useless.  The  utmost  caution 
lieeeastry,  in  order  that  the  friction  mny  not  become  so 
a  to  interfere  with  the  dot  circulation  of  the  water. 
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structed  on  the  very  worst  principles,  in  conse- 
quence of  various  cu-cumetancea  having  fiivou«d 
the  result.     Thus  in  on  apparatus  constructed  as 
tig.  8,  where  the  pipes 
were  not   more    than  ^"*-  ^■ 

three  inches  apart,  the 
water  circulated  with 
perfect  freedom ;  but 
in  this  case,  not  only 
was  tlie  pipe  of  considerable  length,  and  without 
angles  or  turns,  but  the  size  of  the  pipe  was  only 
two  Inches  diameter,  so  that  the  water  cooled 
twice  as  fast  as  it  would  have  done  had  pipes  of 
four  inches  diameter  been  used  (Art.  61.)  It  is, 
however,  quite  certain  that  such  a  distance  be- 
tween the  i)ipes,  at  their  insertion  into  the  boiler, 
as  that  which  has  just  been  described,  is  in- 
sufficient,  under  orflinary  circumstances,  to  give  a 
steady  and  good  circulation.  But  when  the  two 
pipes  are  about  12  inches  apart,  at  the  place 
of  their  insertion  into  the  boiler  x  /,  fig.  3,  (or 
l(i  inches  from  centre  to  centre  when  the  diameter 
of  the  pipe  is  four  inches)  it  will  be  sufficient 
to  produce  a  good  circulation  for  almost  any  ordi- 
nary lencfth  of  pipe,  when  it  is  not  required  to 
dip  below  the  horizontal  level.  If  this  be  con- 
sidered as  the  minimum  height,  which,  under 
ordinary  circumstances,  will  obtain  a  good  circu- 
lation when  the  ])i))es  are  not  required  to  dip 
below  the  horizontal  level,  then  an  average  height 
can  be  estimated  for  enubUng  any  vertical  dedi- 
nation  of  the  pipes  to  be  made. 

(28.)  When  the  pipe  dips  below  the  horizontal 
level,  the  height  of  the  ascending  pipe  shonld 
generally  be  just  so  much  greater  than  the  above 
aimensions,  as  the  deplJi  which  the  circulating 
pipe  is  required  to  dip  below  tlie  horizontal  level  ; 
bearing  in    mind    the    circumstances    mentioned 
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KArt.  26),  which  modify  the  general  results.* 
Thus,  suppose  the  depth  of  the  dip,  shown  by  the 
dotted  line  a  b,  fig.  9,  to  be  24  inches,  then  the 
distance  y  s  ought  to  be  40  inches,  if  the  pipes  be 

I  four  Indies  diameter  ;  that  is,  36  inches  from  cen- 
tre to  centre,  or  40  inches  ironi  tlie  top  of  the  pipe 
y  to  the  bottom  of  the  pipe  s  •  and  with  these 
dimensions,  as  good  a  circulation  will  be  obtained 
(excepting  the  friction  from  the  additional  elbows) 
as  when  the  distance  between  the  top  and  bottom 
pi]>es  18  16  inches  from  centre  to  centre,  in  the 
common  form    of  the  apparatus.     It  will  be  ob- 


servetl  tliat,  by  this  arrangement,  the  distance  c  d, 
from  the  under  side  of  thu  flow-pipe  to  the  upper 
Lside  of  the  return-pipe,  is  just  12  inches,  whicli  is 
3  same  height  that  was  stated  to  be  necessary  to 
Lsore  a  good  circulation,  on  the  ordinary  plan, 
ritbout  a  vertical  dip.  The  reason  why  this 
leight  is  sufficient  in  the  present  case,  notwith- 

*  Bo  greatlj,  in  fact,  do  Ihese  circumstasoea  afTcct  the  / 
J  result  that  it  ia  very  poesible,  in  particular  circutn-  / 
Utcee,  to  make  the  water  descend  below  the  bottom  of  tbo 
a  considerable  depth  withont  stopping  tlie  oirculalion. 
s  therefore  evident  that  the  dimensiouB  which  are  here 
D  for  the  hetgbt  of  the  aaceuding  pipe,  relative  to  the  dip, 
t  DOt  be  taken  as  an  absolute  minimum,  Liit  simply  as  a 
sner*l  rule,  which  will  succeed  in  all  cases.     See  Art.  30 
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standinj^  the  iucreasetl  friction  of  the  iiiigles.  is  be- 
cause then?  must  aivvaye  be  a  greater  difference 
between  the  temperatiire  of  e  and  /  than  between 
either  9  and  h,  or  between  ^'  and  k.  or  even  more 
than  between  both  these  together  ;  therefore  the 
tendency  to  direct  motion  is  greater  than  towards 
retrograde  motion,  in  proportion  to  this  difference, 
and  13  sufficient  to  overcome  the  increased  friction 
caused  by  the  vertical  declination  ;  while  the  ad- 
ditional height  of  12  inches  beyond  the  height  of 
the  dip,  possessed  by  the  descending  pipe  /,  is 
stifficiont  to  produce  cii-culation  of  the  water.  If 
g  and  /i,  and  also  {  and  i,  were  very  wide  apart, 
say  40  or  50  feet,  instead  of  being,  as  usual,  only 
about  three  or  four  feet,  the  balance  of  ettect, 
though  still  in  &vour  of  direct  motion,  would  not 
be  so  great  as  in  the  lost  supposed  case  ;  because 
there  wotdd  be  a  greater  difterence  in  temperature 
between  g  and  A  (that  is,  k  woidd  be  heavier  than 
ff  in  a  greater  degree),  which  would  give  a  greater 
tendency  to  retrogade  motion.  In  many  cases, 
therefore,  it  will  be  advisable  to  make  the  ascend- 
ing pipe  higher  in  proportion  to  the  dip  than  is 
here  stated,  particularly  when  there  are  several 
such  alterations  required  in  the  level  of  the  pipes  ; 
and,  in  all  cases,  aa  has  been  beibre  observed,  the 
higher  the  ascending  pipe  is  made,  the  more  rapid 
will  \iG  the  circulation,  and,  therefore,  the  more 
perfect  the  apparatus  will  become, 

(29.)  The  remarks  which  have  been  made  with 
respect  to  the  height  of  the  asceniling  pipe,  rela- 
tively to  the  vertical  declination,  or  dip,  below  the 
level  of  the  horizontal  pipe,  applies  to  all  the  usual 
forms  which  are  given  to  the  apparatus.  But 
there  are  peculiar  arrangements  which  may  be 
adopted  that  will  allow  the  dip  of  the  circalating 
pipe  to  be  much  greater  than  the  proportion  wliicE 
ha»here  been  stated.     For.  in  some  cases,  the  dip 
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pipes  may  even  pass  below  the  bottom  of  the 
boiler  to  a  considerable  depth,  without  destroying  , 
the  circulation ;  and  from  the  very  extensive  use  ' 
that  is  now  mnde  of  (he  hot-wiiter  apparatus  for 
heating  buildings  of  every  description,  it  is  very 
desirable  to  examine  this  part  of  the  subject  at 
some  length,  as  its  application  ivill,  in  many  cases, 
Kitirely  depend  upon  the  ])0!;8ibllity  of  making 
the  pipes  descend  below  the  boiler. 

(30. )  In  an  arrangement  of  |iipes  such  as  fig.  10, 
the  circulation  will  dcjiend  entirely  iipon  the  quan- 
tity of  heat  given  off  by  the  coil  r;  for  it  is  evident 
that  when  the  boiler  B  and  |»ipe  '/  are  heated, 
the  direct  motion  will  arise  in  consequence  of  the 
J  Heater  weight  of 
^jihe  water  in  the  coil  Fib.  10. 

?and  pipe  d.  above 
"Jiat  which  is  in  the 
■oiler  and  [)ipc,  b  a. 
But  as  the  water  in 
pipe  e,  below 
^e  dotte<l  line,  will 
'  lie  lighter  than  that 
in  the  pipe  /,  the 
tendency  in  that 
part  of  the  apparatus 
will  be  towards  a 
retrograde  motion. 
The  reanlt  of  these 

pro  forces  will  be  that  if  the  water  in  the  whole 
ngth  of  pipe  w  X  is  heavier  than  that  of  the 
'lole  length,  y  z,  \n  a.  sufficient  degree  to  over- 
me  the  increased  friction,  circulation  of  the 
r  will  take  place  ;  and  the  velocity  of  motion 
1  depend  u])on  the  amount  of  this  difference  in 
ght. 

I.)  Another    form,    though    somewhat    more 
mplkated,   may   be  given  to  this    an'angement 
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of  the  apparatus.      In  fig.    11,  B  represents  the 

boiler  ;  and  the  effective  or  direct  motion  is,  in 

this  case,  caused  by  the  water  in  the  coil  and  pipe 

c  d  being  so  much 

Fig.  11. 


"(T^^ 


heavier  than  that 
in  the  boiler  and 
pi[)e,  B  a,  that  it 
overcomes  the  re- 
trograde motion 
whicli  is  produced 
by  aU  the  other 
parts  of  the  appa- 
ratus. Thus  the 
water  in  (^  A,  be- 
ing heavier  ihazi 
that  in  i  k,  and 
that  ine/ (below 
the  dotted  line)  being  lujkter  than  that  in  ^  m, 
has  in  both  cases  a  tendency  to  rctrogrcseion ; 
and  this  mil  be  more  considerable  in  proportion 
as  the  pipes  i  k,  and  g  h,  &c.,  are  more  distant 
from  each  other.  The  motive  power,  therefore, 
entirely  depends  upon  the  quantity  of  heat  given 
off  by  the  coil  ;  for  the  water  must  be  cooled  down 
many  degrees,  in  order  to  give  it  a  sufficient  pre- 
ponderance over  the  water  in  b  a,  to  cause  a  cir- 
culation ;  and  the  circulation  must  necessarily  be 
very  slow,  and,  therefore,  the  temperature  very 
unequally  diffused. 

If  the  coil,  in  the  last  two  figures,  be  placed  in 
any  lower  position  than  is  here  shown,  the  effect 
will  be  proportionately  less  in  producing  circula- 
tion ;  and  if  placed  below  the  dotted  lines,  it 
would  be  scarcely  possible  to  obtain  any  circulation 
at  all.  Nor  would  there  be  any  circulation  if  the 
coil  were  omitted,  because  tlie  mere  descent  of  the 
wat«r  through  a  straight  pipe  would  not  cool  it 
sufficiently  to   give  the   necessarv    pn>(ioiideraiicc 
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)  the  descending  column,  unless  some  other  con- 
■trivance  for  the  purpose  of  cooling  the  water  to  an 
■equal  extent  were  adopted. 

I  (32.)  The  principle  which  governs  the  circula- 
■  tion  in  these  last- mentioned  cases  is  capable  of 
many  applications.  And  it  must  be  remembered 
that,  as  a  coil  of  pipes  produces  an  enormous 
d^ree  of  friction  in  the  fluid  passing  through  it, 
which  must  be  overcome  before  circulation  can  be 
produced,  a  smaller  diiference  of  tfraperature 
^^^between   the    ascending  and   descending   columns 


(ronld  produce  circulation,  if  the  apparatus  were 
lontrived  so  as  to  cause  less  friction  to  the  fluid 
uidng  through  it. 

In  an  apparatus  constructed  as  fig.  12  the  water 
les  directly  from  the  boiler  into  an  open  cistern, 
,  and  it  then  descends  through  the  pipe  u.  which 
ommiinicates  with  the  bottom  or  the  side  of  this 
Jfistem.  In  cases  of  this  kind  it  has  been  gene- 
lly  assumed  that  the  water  will  descend  as  far 
hiff  the  boiler  as  the  rising  pipe  and  the  cistern 
I  above  the  boiler ;  and,  practically,  it  is  often 
i  that  this  ia  the  case,  though  the  explanation 
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of  tlie  fact  must  be  sought  for  among  a  different 
class  of  phenomena  than  those  which  merely  regard 
the  height  of  the  ascending  pipe. 

(33.)  The  advantage  of  conveying  the  water 
into  an  elevated  cistern,  as  shown  in  the  last 
figure,  appears  to  be  twofold.*  It  allows  the 
freest  escape  of  air  and  of  steani,  either  of  which 
would  prevent  the  circulation,  if  it  lodged  in  the 
part  of  the  apparatus  a,  y,  i,  in  fig.  11  ;  and  which 
part  is  in  fig.  12  occupied  by  the  open  cistern. 
This  cistent  also  facilitates  the  circulation,  by 
increasing  both  the  actual  aa  well  as  the  relative 
weight  of  the  descending  column  of  water  ;  because 
no  part  of  the  descending  pipe  b  can  possibly  con- 
tain steam,  as  the  water  will  remain  in  the  cistern 
A  until  it  has  become  colder  than  that  in  the  pipe 
E,  and  boiler  f  ;  and  it  is  evident  that,  by  such  an 
arrangement  as  fig.  12,  this  difference  of  tempe- 
rature must  constantly  increase,  fifter  heat  is  applied 
to  the  boiler,  until  it  becomes  sufficient  to  give  a 
preponderance  to  the  n'ater  in  b.  And  even  if  the 
heat  were  sufficient  to  raise  steam  in  the  jupe  E, 
this  would  only  still  further  increase  the  effect,  in- 
stead of  diminishing  or  even  wholly  stopping  the 
circulation,  as  would  be  the  case  ivith  an  apparatus 
like  fig.  11,  under  similar  circumstances. 

(34).  Many  other  arrangements  of  the  apparatus 
answering  the  same  purpose  as  these  last  three 
figures,  might  be  contrived  ;  but  while  these  forms 
are  advantageous  when  difiicultiea  uf  adaptation 
have  to  be  surmounted,  it  must  not  be  imagined 
that  they  are  recommended  above  the  more  simple 
forms  shown  in  figs.  3,  7,  and  9.  It  requires  great 
judgment  in  adopting  some  of  tlieee  complicated 

■  The  Marquis  de  Cliabaouea  was  the  first  to  emplo;  an 
elevated  cistern  in  this  way.  Hia  apparatus  is  described  in 
Lis  pamphlet,  published  in  181U,  on  "Warming  and  Yen  ti- 
lutbg  Bttildings." 
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gements ;    for  many  causes  may  interfere  to 
irevent  complete  success.     It  is  sometimes  very 
'fficult  to  detect  the  various  causes  of  interfer- 
ice,  and  the  inpediments  wbicli  arise  are  often, 
tarently,  so  insignificant  in  their  extent,  that 
n  when  ascertained  they  are  frequently  neglec- 
Those,   however,   \vao   bear  in   mmd  how 
ill    is    the    amount  of   motive    power   in    any 
Apparatus    of  this  description,  will    not   consider 
unimportant,  any  impediment  however  small, 
ndiicli  tUey  may  detect  ;    but,  iu  the  more  com- 
plicated forms  of  the  apparatus,  so  many  causes 
»rnc  operative,  that  the  reason  of  failure  may 
:Bometimes  elude  the  detection  of  even  an  expe- 
nced  ))ractitioner. 

"">.)  Jt  has  occasionally  occurred  that  the  cir- 

ition  of  the  water  in  an  ap])aratus  has  been 

■ersed,  the  hot  water  jiassijig  along  what  should 

3  return-pipe,  and  the  colder  water  following 

i  course  of  the  How-pipe,     This  effect  has  some- 

mes  been  exceedingly  i)uzzling ;    but  it  will  be 

ad  to  arise  in  those  apjiaratus  which  have  but 

lU  motive  power,  and  in  which  the  jiriuciple 

s-not  been  followed  out  of  making  the  water  rise 

I  the  highest  point  of  the  apparatus  as  soon  as 

rasible,  and  allowing  it.  //(  its  return  (o  tlie  boiler, 

I  give  out  its  heat  to  the  various  pipes,  coils,  or 

;hcr  distributing  surfaces  which  it  is  intended  to 

teat.     If  the  opposite  course  to  this  be  adopted, 

hthe  friction  in  the  How-pipes  often  becomes  so  con- 

tsiderable  that  the  direct  and  natural  action  of  the 

lending  column  is  altered,  and  the  hot  water, 

^  less  resistance  by  passing  through  what 

ht  to  be  the  retum-pi|K',  converts  it  at  once 

)  a  How-pipe,  and  entirely  reverses  the  ordinary 

action    of    the    a]>|iaratus.       This    is    particularly 

liable  to  occur  in   boilers  which    have   but  little 

jiepth  ;  and  it  sometimes  happens  that  the  appa- 
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*  ratus,  when  constructed  in  this  way,  will  ojierate 
most  c!L]iriciou8ly,  the  circulation  eometitues  being 
direct  and  sometimeB  retrograde,  and  sometime* 
stopping  altogether.  Whenever,  thercfore,  the 
pt]ie8  rise  to  any  considerable  height  above  the 
boiler,  it  is  very  desirable  that  the  most  direct 
route  should  be  ]>rovided  for  the  water  to  flow 
first  to  the  highest  elevation,  after  which  in  its 
return  to  the  boiler,  it  may  be  made  to  yiasi 
through  the  various  pipes,  coils,  and  other  heat- 
diatributing  surfaces,  which  will  thus  secure  its 
most  efficient  action  and  the  most  perfect  cir- 
culation. 

(36.)  The  distance  through  which  the  water 
will  circulate  in  a  hot-water  apparatus  is  very  con- 
siderable ;  its  limit  has  not  yet  been  ascertained, 
and  ])robabIy  never  will  be.  as  it  must  depend  upon 
many  circumstances  totally  differing  in  almost 
every  ap])aratuB.  The  liigher  the  water  rises 
above  the  boiler,  the  greater  is  the  length  through 
which  it  may  afterwards  be  made  to  circulate  ; 
and  many  apparatus  are  successfully  working 
where  the  ivater  circulates  through  several  hundred 
feet  of  pi]>e,  in  a  continuous  course,  beibre  it  again 
returns  back  to  the  boiler  to  be  reheated.  In 
1  general,  however,  it  is  very  desirable  to  shorten 
I  this  circulation  as  much  as  ])r)ssible,  and  an  appa- 
ratus will  always  be  more  efficient  if  it  can  be  so 
arranged,  by  altering  the  position  of  the  boiler,  or 
the  disposition  of  the  pipes,  that  the  water  shall 
run  through  two  or  more  distinct  and  short  <ar- 
culations,  rather  than  through  one  long  one.  Nor 
is  this  at  all  at  variance  with  what  has  been  pre- 
viously stated  about  the  velocity  of  circuladoa 
being  increased  by  lengthening  the  circulating 
pipe  (Art.  19).  For  while  impediments  to  the 
circulation  may  be  overcome  by  a  considerable 
difference  of  temperature  in  the  flow  and  return- 
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,  the  apparatus  wUl  always  be  more  efficient  I 
the  temperature  of  the  various  |)arts  of  the  1 
apparatus  does  not  very  widely  differ. 
.  (37.)  AVhen  an  apparatus  is  so  con&tructed  that  f 
the    boiler  is    considerably   below    the    pipes    or  / 
other  surfaces  giving  out  heat,  the  circulation  is 
8ure    to    be   very    rapid,    and    the   greatest   effect 
l^jnll  always  be  obtained  by  making  the  circulation 
^^L  short  as  possible,  so  as  to  have  as  little  differ- 
^^■ce  as  may  be  in  the  temperature  of  the  flow  and  / 
^Bb  return-pipe.     But  when,  on  the  other  hand,/ 
the  pipes  and  boiler  are  nearly  on  a  level,  it  is) 
frequently  necessaiy  that  a  greater  difference  shalll 
^xist  between  the  temperature  of  the   flow   and/ 
ram-pipes,  in  order  to  [iroduce  a   good   circu-[ 
tion,  and  to  overcome  any  obstructions  arisiiig\ 
dips  in  the  pipes  or  any  other  disturbing 

J  (88.)  The  necessity  for  making  provision  for  the 
scape  of  the  air  from  the  pipes  has  already  been 
mentioned.      It    may  be    observed    that,    in  such 
forms  of  the  apparatus  as  are  described  in  the  last 
:  figures,  tlie  difficulty  of  its  expulsion  is  much 
reased,  as  there  are  several  points  where  it  will 
and    stop   the    circulation,    unless    projier 
n&  be  taken  to  prevent  this  result.       In  llie 
paratus,    iig.    9,    the    air    will   collect   at    three 
ate,  t,  m,  and  n  ;  and  the  nature  of  the  outlets 
bvided   tor  its    escape    will    depend,    in    some 
isure,  upon  the  plan  adopted  for  supplying  the 
with  water.     In    some   cases    open   air 
i  will  be  the  best :  in  other  cases  air-cocks  will 
;  necessary   to    prevent    an    over-flow  of  water 
oagh  an  open  air  pipe.     It  frcrjuently  requires  j 
p  greatest  care  and  the  closest  attention  to  dis-  > 
r  where  tlie  air  is  likely  to  lodge,  as  the  most  ', 
;  alteration  in  the  position  of  the  pi}ies  will 
alter  the   arrangements  with   respect   to 
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the  aii'-vetitB.  Want  of  attention  to  this  has  been 
the  cause  of  innumerable  failures ;  and  the  dia- 
covery  of  the  places  where  the  air  will  accumulate 
is,  occasionally,  a  matter  of  some  difficulty.  For 
althou'^b  it  be  true,  in  a  general  sense,  that  the 
air  will  rise  to  the  highest  part  of  the  apparatus, 
it  will  frequently  be  pre^'ented  getting  to  tboae 
parts  by  alteration  in  the  level  of  the  pipca,  and 
by  other  causes.  This  Is  the  case  at  vi,  tig.  9, 
where,  it  will  be  seen,  the  air  that  accumulates 
in  that  part  of  tin;  apparatus  is  precented  from 
escaping  to  a  liigher  level,  by  the  vertical  angle 
at/  on  the  one  side,  and  i  on  the  other.  In  the 
apparatus,  fig.  II,  the  air  will  accumulate  at  y  and 
at  le,  and  must  be  carried  otl'  by  proper  outlets ; 
find  in  every  ca-se  provision  must  be  made  for  the 
air  to  pass,  either  by  a  level  pipe  or  by  ascend* 
ing  gradients,  lor  in  no  case  can  it  be  made  to 
pasa  downwards  (however  email  the  extent)  in  ita 
passage  to  the  vent  jirovided  for  its  escape. 

(39.)  When  a  boiler  is  open  at  the  top,  or  merely 
has  a  loose  cover  laid  on  it,  no  particular  care  is 
necessary  respecting  the  supply  of  water.  It  can 
generally  be  poured  in  at  the  Iwiler,  taking  care 
not  to  fill  it  quite  full,  so  as  to  allow  for  the  ex- 
pansion of  the  water  when  heated,  as  otherwise  it 
will  overflow.  But  when,  as  figures  7,  9,  10 
11,  and  12,  the  boiler  is  close,  at  the  top,  it  is 
necessary  to  place  a  supply  cistern  on  a  level  with, 
or  above  the  highest  jiart  of  the  apparatus,  so  08 
to  keep  it  always  full  of  water.  But  as  water  ex- 
pands about  M  part  of  its  bulb,  when  it  is  heated 
from  40°  (the  point  of  its  greatest  condensation)  to 
212",  it  ia  indispensably  necessary  to  provide  for 
a  jtart  of  the  water  returning  back  to  the  supply 
ciHtena  when  this  expansion  takes  place.  The 
cistern,  however,  need  not  contain  so  much  water 
as  i  part  of  the  whole  contents  uf  the  ap|)aratu8  ; 
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for  it  is  found  in  practice,  that  a  less  quantity 
this  returns  buck  into  the  cistern  on  the 
apparatus  being  heated.  This  arises  from  the 
let  of  tlie  water  not  reaching  to  so  high  u  tem- 
^rature  as  212",  and  also  in  consequence  of  its 
King  generally  at  a  higher  temperature  than  40° 
tefore  it  is  heated,  and  by  both  these  causes  the 
xpansion  is  considerably  lessened.  For  if  the  water 
;  raised  from  50"  to  180",  the  expansion  will  only 
*  about  M  part  of  its  bulk;  and  the  expansion  of 
he  iron  ifst-lf,  by  giving  an  increased  capacity  to 
Fthe  apparatus,  will  also  tend  still  further  to  di- 
Itninish  the  quantity  of  water  returned  back  into 
:  cistern.  A  very  good  proportion  for  general  r 
nrposes  is  to  make  the  supply  cistern  contain  i 
*iout  i)  of  the  whole  <^uantity  of  water  in  the  pipes  1 

i  boiler  ;  though,  for  the  reasons  above  stated, 
[  smaller  size  wiU  answer  in  mimy  cnses,  where  | 
'ionomy  or  convenience  requires  it  to  be  reduced. 
L  table  is  given  at  the  end  of  this  volume,  show- 
mSng,  the  contents  of  pipes  of  all  sizes,  and  which 
"1  enable  any  one  easily  to  ascertain  the  correct 
B  of  these  expansion  and  supply  cisterns  for  any 
|rparatU8. 

(40.)  The  usual  plan  for  a  supply  cistern  is 
iiovn  at  A,  in  fig.  13.  The  cistern  is  placed  in 
ne  convenient  situation,  and  then  attached,  by 
I  smult  pipe,  to  any  part  of  the  apparatus — usually, 
"i  the  lower  pipe,  and  it  is  then  less  hkely  to  allow 
f  the  escape  of  va-  „.     .„ 

pur  than  if  it  were 
rtened  to  the  top  of 
eboiler.  Butastill 
itter  plan  is  to  bend 
B  pipe,  attached  to 
^  B  cistern,  into  the 
irm  shown  by  x  y, 
^ich  ia  a  preventive  to  the  escape  of  any  heat  c 
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vapour  nt  that  part,  as  the  legs  of  tlie  siplion  j.' 
generally  remain  quite  cold. 

(41.)  One  very  important  part  of  the  subject  of 
expansion  is  the  necessity  which  exists  for  allow- 
ing sutficieiit  room  for  the  elongation  of  the  pipes 
when  they  become  hot.  Want  of  attention  to  this 
has  caused  several  accidents  ;  for  the  expansive 
power  of  iron,  when  heated,  is  so  fireat,  that 
scarcely  anything  can  withstand  it.  The  linear 
expansion  of  cast  iron,  by  raising  its  temperature 
fojm  32°  to  212",  is  -OOinil,  or  about  ji,  part  of 
its  length,  which  is  nearly  equal  to  1§  inches  in 
100  feet.  Therefore  it  is  necessary  to  leave  the 
pipes  raiconfined,  so  that  they  shall  have  free 
motion  lengthways,  to  this  extent  at  least.  In- 
stead of  confining  them,  as  sometimes  has  been 
done,  facilities  should  be  provided  for  their  free 
expansion,  by  laying  small  rollers  under  them  at 
\-ariou9  points  ;  for  as  the  contraction  on  cooling 
is  always  equal  to  the  expansion  on  heating,  un- 
less they  can  readily  return  to  their  original 
position  when  they  become  cool,  the  joints  are 
very  likely  to  get  loose,  and  to  become  leaky. 
These  rollers  may  be  made  simply  of  a  piece  of 
rod  iron,  about  half  inch  or  five-eighths  of  an 
inch  diameter,  which  may  be  fixed  in  a  frame 
to  support  the  pipes,  or  they  may  lie  loose  on  a 
stone  or  brick  pier,  tlie  pipes  being  supported  by 
this  means  at  about  every  alternate  joint.  In  very 
short  ranges  of  pijies  this  provision  is  not  neces- 
sary, as  the  longitudinal  expansion  is  not  sufficient 
to  become  a  matter  of  importance. 


CHAPTER   III. 


On  the  Resistance  by  Friotion — Belattve  size  of  Main-Pipes 
and  Branch-Pipes — Vertical  and  Horizontal  JTuiii-Pipea — 
Small  connecting  Pipes — Braacb-Pipea  at  difference  Levels 
— Stop-oocks  and  Valvea — Tbeir  Use  and  proper  biza — 
Their  place  supplied  by  Cisterns — Inconvenience  of  tbein 

1    — Remedies. 

(42.)  When  treating,  in  the  preceding  chapter, 
on  the  velocity  of  the  circulation  of  water,  it  was 
bbsen'ed  that  the  theoretical  velocity  is  itlways 
considerably  reduced  by  friction.  Althoiigli  the 
calculation  of  the  Jrictiou  of  water,  in  passing 
tfarougb   pipes,  is  intricate,*   the  relative  friction 

»for  different  sizes  of  pipes  is  enslly  ascertained  ; 
and  this  appears  to  be  nearly  all  that  it  is  neces- 
sary to  be  acquainted  with  for  the  purjjose  of  the 
present  inquiry. 

The  friction  occasioned  by  water  pasBing 
through  small  pipes  is  ^eiy  much  greater  than  in 

»  those  which  are  larger.  This  arises  from  two 
eanses — the  increased  surface  with  which  a  given 
qnantity  of  water  com*;8  into  contact  by  passing 
through  a  small  pipe,  and  the  greater  velocity 
with  which  the  water  drculatea,  in  consequence 
of  losing  more  heat  per  minute.f 
(43i.  The  relative  friction  for  different  sizes  of 
when    the  velocity  with   which  the  water 

'  "SMArt-S^. 
f  8m  Ch^.  IV.,  Art.  61.      This  latter  rem&rk  ot  «OttrM 
"to  wfttar  circalating  in  a  hot- water  sppumtu: 
to  all  cftoes  of  hydraolira. 
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tliese  circumstances,  losing  lesa  of  its  heat  than  a 
large  one.  For,  8Uj)pose  four  branch-pipes,  four 
inches  diameter,  are  to  be  supplied  by  one  main- 
pipe  ;  one  pipe  of  eight  inches  diameter  would 
have  the  same  sectional  area  as  the  four  pipes  of 
four  inches  diameter  ;  but  if,  instead  of  being  eight 
inches  diameter,  the  raain-pii)e  be  made  only  four 
inches  diameter,  then  the  wafer  must  travel  four 
times  faster  through  this  pipe  tlian  it  would  do 
through  tlie  one  of  eight  inches  diameter,  in  order 
to  Bupjily  the  same  quantity  of  heat  to  the  branch- 
pipes.  This  it  will  do  very  nearly  ;  and  it  may 
easily  be  deduced  that,  under  these  circumstances, 
the  water  will  only  lose  one-half  as  much  beat  by 
passing  through  the  small  pipe  as  it  would  in 
passing  through  ihe  larger  one;  for  the  loss  of  heat 
which  the  water  sustains  is  directly  as  the  time  and 
the  surface  conjointly.* 

(48.)  On  the  same  principle,  it  will  frequently 
I>e  found  exceedingly  convenient,  when  two  rooms 
or  buildmgs  somewhat  tlistant  from  each  Other 
arc  required  to  be  warmed  by  one  boiler,  to  make 
the  connecting  pipe  between  them  smaller  than 
the  pi|>e  used  for  radiating  the  heat  to  warm  the 
buildings.  For.  on  the  principle  already  men- 
tioned, there  will  be  a  saving  as  well  of  heat  as 
in  the  cost  of  the  apparatus,  by  reducing  the  size 
of  the  pipe  in  that  part  which  is  not  required  to 
give  off  heat,  but  whicii  is  merely  used  to  connect 
difl'crent  |iai-ta  togethfr.'j'  In  this  manner,  a  pipe 
of  one  Uich  diameter  may  frequently  he  made  to 
supply  a  pipe  of  four  inches  diameter  ;  and  it  will 
sometimes  he  found  convenient  to  connect  pipes 

•  See  Chap,  xiii,  4it.  270. 

+  Ab  all  alteratious  in  the  eize  of  the  pipe,  either  by  « 
lag  or  contraaliug  ila  diaint-ter.  materially  alter  the  veloc 
tlie  oiroalutiuEi  of  the  water,  care  should  be  taken  thabj| 
alteratiosB  be  not  made  OApricioauly,  and  without  bi 
advantage   appears  (o  be  attninable  by  so  doiDS. 
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(46.)  It  has  been  already  explained  (Art.  : 


:  the  ] 
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:  motion  of  water  is  more  r 
than  in  a  horizontal  |)ii>e.  It"  four  branch 
.  be  supplied  by  one  upright  main-pipe,  this 
[atter  needs  be  very  little,  if  any,  lai-ger  than  the 
circulating  pipes  ;  but  if  only  two,  or  even  three, 
branches  are  to  be  supplied  by  une  main-pi|}e,  it 
will  be  quite  unnecessary  in  ordinary  cases  that 
the  upright  main-pipe  should  be  any  larger  than 
the  branches,  unless  the  length  of  the  horizontal 
pipe  be  unusually  great.  If  the  branches  exceed 
this  number,  it  may  be  desirable  to  increase  the 
diameter  of  the  upright  main-pipe,  in  a  moderate 
d^ree ;  but  the  motion  of  the  ivater  through  it, 
however,  will  be  just  so  much  the  more  rapid  in 
proportion  as  there  are  more  branches  for  it  to 
discharge  the  water  into.  It  is  evident  that,  if  the 
outlet  from  the  boiler  be  by  a  pipe  four  inches 
diameter,  the  flow  of  water  will  be  more  impeded, 
than  if  a  pipe  of  six  inches  diameter  were  used ; 
;  Uld  the  water  will  tlierelore  become  specifically 
I  lighter  in  the  boiler  than  in  the  descending  pipe, 
'"  L  a  grater  degree  in  the  former  case  than  in  the 
itter ;  and  this  will  consequently  cause  a  more 
circulation  through  the  apparatus.  But, 
Jiough  the  friction  of  the  water  will  be  greater  in 
*  s  aucending  pipe  by  this  arrangement,  yet  it  will 
.  be  of  importance,  except  when  very  small 
66  are  used.  For  the  friction  is  extremely 
itall  in  a  vertical  pipe  to  an  ascending  current 
r  water.  As  a  general  rule,  it  may  be  observed, 
all  fwrizontal  leading  pipes  require  to  be 
h  larger  in  proportion  to  the  branches  than  is 
quiaitc  with  vertical  leading  pipes,  in  conse- 
:e  of  the  friction  being  so  exceedingly  small 
y.  latter  case. 

1.)    Another  advantage  will  arise  from   this 
mgemcnt,  in  consequence  of  a  small  pipe,  under 
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these  circumstances,  losing  less  of  ita  heat  than  a 
large  one.  For,  8U]i])08e  four  brancli-pipes,  four 
inches  diameter,  are  to  be  supplied  by  one  inain- 

iiipe  ;  one  pipe  of  eight  inches  diameter  would 
lavc  the  same  sectional  area  aa  the  four  pipes  of 
four  inches  diameter  ;  bnt  if,  instead  of  heiu^  eight 
inches  diameter,  the  main-pipe  be  made  only  four 
inches  diameter,  then  the  water  must  travel  four 
times  faster  through  this  ])ipe  than  it  would  do 
through  the  one  of  eight  inches  diameter,  in  order 
to  supply  the  same  quantity  of  heat  to  the  branch- 
pipes.  This  it  will  do  very  nearly  ;  and  it  may 
easily  be  deduced  that,  under  tliese  circumstances, 
the  Mater  will  only  lose  one-half  as  much  heat  by 
passing  through  the  small  i>ipe  as  it  would  in 
passing  through  the  larger  one ;  for  the  loss  of  heat 
which  the  water  sustains  is  dlrecdy  as  the  time  and 
the  .surface  conjointly.* 

(48.)  On  the  same  principle,  it  will  frequently 
be  found  exceedingly  convenient,  when  two  rooms 
or  hiilldhigs  somewhat  distant  from  each  other 
are  required  to  be  warmed  by  one  boiler,  to  make 
the  connecting  pipe  between  them  smaller  than 
the  pipe  used  for  radiating  the  heat  to  warm  the 
buildings.  For,  on  the  princi|)le  already  men- 
tioned, there  ivill  be  a  saving  as  well  of  heat  as 
in  the  cost  of  the  a]t]>a.ratus,  by  reducing  the  size 
of  the  pipe  in  that  jjart  which  is  not  required  to 
give  oft'  heat,  but  which  is  merely  used  to  connect 
different  parts  together,  i"  In  this  manner,  a  pipe 
of  one  inch  diameter  may  frequently  he  made  to 
su)tply  a  pipe  of  four  inches  diameter  ;  and  it  will 
sometimes  be  found  convenient  to  comiect  pipes 

•  See  Chap,  siii,  Aj-t.  270. 

t  As  oil  all«Tatioii6  in  tlie  size  or  the  pipe,  either  bj  enUrg- 

mg  or  conliacticg  its  diameter,  materially  alter  tlie  velocity  of 
the  circulation  of  the  wuter,  care  Bhould  be  taken  that  theso 
alterations  be  not  made  caprieioualy,  and  without  somo  decided 
advantage   appears  to  be  attainable  by  so  doing.     Vontnri 
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of  large  diameter  with  the  boiler  by  this  means, 
when  the  total  length  of  pipe  is  not  great.  But  it 
must  always  be  borne  in  mind,  that  the  size  of  the 
leading  or  main  pipes  ought  to  bear  some  propor- 
tion to  the  total  quantity  of  water  that  is  ret[uired 
to  pass  througli  them.  And  wliile  it  :night  lie  ex- 
tremely convenient,  in  particular  instances,  to  con- 
nect pipes  of  four  inches  diameter  to  the  boiler  by 
"le  intervention  of  small  pipes  of  one-inch  bore, 
'hen  the  total  quantity  of  |)ipe  is  small,  it  would 

a  fatal  mistake  to  adopt  the  same  arrangement 

three  or  four  hundred  feet  of  large  pijie  were 
pnnected  to  a  boiler  by  means  of  so  small  a  pipe 
Aa  ia  here  stated.  Tlie  connecting  pipe  therefore 
ought  to  bear  eome  proportion  to  the  total  tpiantity 
of  water  that  has  to  pass  through  it.  It  should  be 
'feller  in  diameter  when  the  quantity  of  water  con- 
'  lined  in  the  apparatus  is  greater,  and  smaller 
hen  the  quantity  of  water  is  let's. 

(49.)  Very  important  results  frequently  arise 
from  errors  with  respect  to  main-pipes  which  are 
placed  vertically,  in  consequence  of  the  great  velo- 
city with  which  the  water  circulates  through  such 
pijies.  It  frequently  happens  that  the  pipes  which 
branch  out  from  an  upright  main-pijie  are  required 
to  circulate  at  very  dilferent  heights  ;  as,  for  in- 
ice,  in  warming  the  several  floors  of  a  ware- 
louae  or  manufactory.     In  this  case  either  one  of 

'o  methods  may  be  adopted  :  the  i)ipe  may  either 
rise  to  the  highest  floor  or  level  first,  and,  after 
passing  round  such  uiipermost  room,  desceml  and 
circulate  round  that  which  is  belo^v  it ;  then  pro- 

1  by  experiments  that  eniargements  m  a  pipe  reduce  the 
Xiity  of  discharge  as  follows  : — When  a  given  quantity  of 
lei  was  discharged  through 
A  utriugbt  pipe  in       ....     109  seconds, 
A  pipe  with  one  enlargement  reiiaircd     147      „ 
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ceed  to  tbe  next  lowest.,  and  so  on,  till  it  finally 
returns  ajiiiin  to  the  boiler ;  or  each  floor  may 
have  a  separate  range  of  pipes  branching  off  from 
the  mainpipe,  and  finally  returning,  either  to- 
gether or  separately,  into  the  boiler.  In  the  first 
of  theae  cases  it  is  obvious  that  the  temperature 
of  tbe  water  and  of  the  pipes  will  be  much  greater 
in  the  higher  floors  than  in  the  lower.  For  the 
water,  by  having  jiassed  through  a  great  length 
of  pipe  before  it  reaches  the  lower  rooms,  will  be 
much  reduced  in  temperature,  and  the  up|>er  rooms 
will  be  heated  long  before  the  others  become  at  all 
warm  ;  anil  at  all  times  the  temperature  will  be 
very  une<iiiftl.  To  obviate  this,  each  floor  should 
be  warmed  separately  by  its  own  range  of  pipes. 
But  this  requires  particular  management.  For,  if 
the  several  pipes  merely  branch  out  sideways  from 
a  vertical  miiin-pi]te,  the  whole  of  the  hot  water 
will  rise  to  the  upper  pipe  in  consequence  of  the 
extremely  rapid  circulation  in  a  vertical  pipe,  and 
leave  all  the  lower  lateral  branches  without  any 
drculation  of  hot  water  through  them.  In  order 
to  avoid  this,  it  is  necessary  either  to  have  a 
separate  pipe  rising  directly  from  the  boiler  for 
each  floor,  or  some  means  must  be  adopted  to 
clieck  the  water  in  its  upward  course  through  the 
vertical  main-pipe  when  only  one  is  used  for  sup- 
plying tlie  several  dift'erent  flooi-s.  In  fig.  14  it 
will  be  perceived  that  the  water  which  passes  up 
the  pipe  n  receives  a  check  at  B,  and  thereby,  of 
course,  facilitates  the  flow  of  water  through  the 
first  horizontal  pipe,  which  would  othcrwiae  have 
been  hit  stagnant.  The  same  occurs  also  at  c  for 
the  same  reason  ;  and  by  this  means  a  nearly 
equal  Haw  of  hot  water  may  be  obtained ;  while, 
h.id  tbe  supplying  main  from  tlie  boiler  passed 
directly  upwards  in  a  perfectly  straight  line,  all 
the  hot  water  would  have  passed  at  once  into  the 
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tper  pipe,  and  the  lower  ones  would  have  been 
comparatively   cold.      But    even    with    this 
.ngement.  it    is   extremely  difficult  sometimes 
prevent  all  the  hot    water  passing  up  to  the 
floor,   and 
»ving  the  lower  Fig.  u. 

unheated. 
therefore, 
ntimes  very 
jssary  to  make 
I  distinct  rising 
pipe  for  the  lower 
floors,  in  order  to 

Soalize  tlie  How 
hot  water  to 
the  different  le- 
vels. The  verti- 
cal main  pipes 
should  likewise 
diminish  in  size 
as  they  rise  up- 
wards. If  one 
main  only  be 
Lssed,  it  is  very 
Eijeeirable  considc- 
r»bly  to  reduce 
the  size  as  it  passes  iipwards,  commencing  perhaps 
with  4-inch  pipe  for  the  first  flnor,  reducing  it  to 
3  inches  as  it  passes  upwards  to  tlie  second  floor, 
and  then  reducing  it  still  further  in  size  as  it  leads 
upwards  to  the  third  floor.  And  unless  some  such 
eontrivance  be  used,  it  is  almost  impossible  to  pre- 
■t  the  whole  of  the  hot  water  passing  to  the 
:r  floor  first,  and  making  a  most  defective  cir- 
the  lower  ranges  of  ])ipes. 
Whenever  lateral  pipes  are  taken  oft'  at  right 
inglcfi  from  an  upright  or  vertical  pipe  wliich 
straight  direction  to  a  still  highf 


upwai 
^^«ontri 
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the  water  will  always  pass  by  such  lateral  pipes  unless 
checked  in  its  upward  course  as  here  described.  But 
the  same  effect  very  often  occurs  also  in  horizontal 
pipes,  particularly  where  the  branch  pipes  are 
smaller  than  the  mains  or  leading  pipes.  One 
mode  of  i)reventing  this  in  the  case  of  vertical 
pipes  has  already  been  shown.  But  another  mode, 
applicable  both  to  vertical  and  horizontal  main 
pipes,  when  these  main  pipes  are  sufficiently  large 
Suppose  A  to  be 


in  diameter,  is  the  following 
a  main  pipe,  either  vertical  or 


Fia.  14b. 


horizontal,  and  BCD  branch 

pipes  leading  out  of  this  main 

pipe.     The  water  is  supposed 

to  flow  in  the  direction  shown 

by  the  arrows.     Now    in  a 

vertical  pipe  ahcaj/s,  and  m  a 

horizontal  pipe  frequently — 

particularly  when  the  branch 

pipes  are  much  smaller  than 

the  main  pipe — the  hot  water 

will   pass    by    the    branches 

B  c  and  D,  and  leave  them 

quite  cold  and  without  any 

circulation.     To  prevent  this 

a  small  strip  of  thin   sheet 

copper,  extending  rather  less 

than    half    way    across    the 

main  pipe  as  sho\vn  bed, 

may  be  fixed  on  to  the  upper  side  of  tlie  branch 

I»ipe  when  the  main  |Mpe  is  vertical  ;  or  to  the 

opposite  side  to  the  direction  of  the  current,  when 

all  the  pipes    lie    horizontal.     This    sliglit  check 

to  the  direction  of  the  current  is  sufficient  to  cause 

a  circulation  in  tlie  lateral  or  branch  pipes  under 

almost  any  possible  circumstances,  and  when  done 

with  judgment  it  causes  no  sensible  diminution  of 

the  circulation  through  the  main  pipe. 
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(60.)  It  is  perfectly  immaterial  how  many  pipes 

tlead  out  of  or  into  the  boiler;  but  it  will  generally 

f.aiuch   simplii'y  the   apjiaratus    if  branch-pipes  be 

T  Used,    as   in    fig.    14,  instead    of  making   several 

tt[MU^te  outlet  pijjes,  and    various  inlet  pijies  to 

the  boiler. 

Very  fii^quently  it  happens  that  several  branch- 
pipes  are  required  from  the  boiler,  to  circulate 
nearly  at  the  same  level,  j)articularly  in  horti- 
cultural buildings,  where  two  or  three  hotliouses 
arc  required  to  be  warmed  by  one  boiler.  This 
pSeldom  presents  much  difficulty,  unless  it  be  i-e- 
l:C|uired  occasionally  to  stoji  otf  certain  of  these 
nouses,  while  the  others  are  heated.  In  these  cases, 
a  complicated  and  es]3ensive  arrangement  of  cocks 
or  valves  become  necessary.  Bat  here  the  rule, 
which  has  already  been  given  (Art.  46  and  48), 
for  connecting  pipes  may  likewise  be  followed, 
where  stop-cocks  are  required  occasionally  to  shut 
off  the  communication  between  difterent  parts  of 
an  apparatus,  so  as  only  to  warm  one  particular 
room  or  part  of  a  building.  The  cocks  used  for 
this  purpose  need  not  always  be  so  large  as  the 
Llnre  of  the  ]jij)es.  Some  judgment,  however,  must 
I  exercised  in  all  such  cases ;  for,  both  with 
naecting  |)ipe5  and  cocks,  if  the  size  be  very 
siJro|K)rt!Ouate,  tlie  free  circulation  of  the  water 
"1  of  coui-se  be  im|)eded.  In  many  cases  a  oock 
3  inches  diameter  will  be  sufficiently  large  to 
ith  pipes  of  four  inches  diameter;  and  a  cock 
e  and  a  half  inch  diameter,  with  pipes  of 
I  inches  diijmeter :  but,  for  very  small  pipes, 
!  relative  proportions  should  perhaps  be  more 
irly  etjual  lo  the  size  of  the  pipes,  on  account 
the  increased  friction.  It  should  also  be  ob- 
■ved,  that  when  an  apparatus  has  but  an  in- 
i  circulation,  this  alteration  in  the  bore  of 
water-way    will    be   very    objectionable, 
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likely  still  further  to  impede  it,  though  the  exact 
result  will  depend  upon  a  variety  of  causes,  for 
which  it  is  not  easy  to  lay  down  a  general  rule. 
In  such  an  arrnngement  of  pipes  as  tig.  14,  it 
is  freqiiently  desirable  to  use  small-sized  cocks  or 
valves,  for  the  purpose  of  checking  the  flow  of 
water  in  particular  directions  ;  while  in  an  ap- 
paratus like  fig.  9  the  same  proportionate  sizes  of 
cocks  might  be  very  injudicious,  and  greatly  im- 
pede the  circulation. 

(51.)  When  cocks  or  valves  are  used  to  stop  off 
the  circulation  of  a  particular  part  of  the  appara- 
tus, it  is  not  suflfcient  merely  to  stop  the  upper  or 
flow  pipe  ;  but  the  corresponding  pipe  which  re- 
turns the  water  to  the  boiler  must  also  be  stopped, 
otherwise  the  hot  water  will  circulate  backwards 
through  the  retum-pi[K!,  and  pass  into  the  flow- 
pipe,  and  thus  the  whole  will  become  heated. 
Thie  more  particularly  a])plie3  to  those  caaea 
where  the  boiler  is  placed  at  any  considerable 
depth  below  the  circulating  pipes  ;  for  then,  as. 
already  stated,  the  circulating  power  ivill  be  much 
increased.  But  it  may  be  laid  down  as  a  general 
rule,  that  where  the  circulation  is  tolerably  good, 
it  is  not  enough  to  place  a  cock  or  valve  on  the 
flow-pipe  alone  ;  but  the  return-pipe  requires  to  be 
stopped  also.  Cases  undoubtedly  sometimes  occur 
in  which  a  valve  or  cock  placed  in  the  flow-pipc 
will  eifectually  shut  oft'  the  cireulation,  mthout 
also  putting  one  in  the  return-pipe.  But  it  will 
generally  be  foimd  that  in  these  instances  the 
boiler  is  either  too  small  for  its  jvork,  or  that  it 
it  is  not  worked  at  its  full  power,  or  that  there  is 
Bometlung  peculiar  in  the  arrangement,  which  ren- 
ders the  portion  of  the  circulation  thus  stopped 
off  naturally  more  sluggish  and  inert,  than  the 
rest  of  the  apparatus  ;  and  therefore  a  vei-y  small 
obatruction  will  be  sufficient  to  stop  entircb    ^" 
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rculation  through  it.  But  in  almost  all  the 
ITiTlppoTatus  which  have  a  good  circulation  and  a 
boiler  sufficiently  powerful,  it  will  be  found  nece8- 
sary  to  atop  the  return-pipe  as  well  aa  the  flow- 
pipe,  in  order  effectually  to  shut  off  the  circula- 
tion. 

(32.)  In  order  to  avoid  the  expense  of  cocks  or 
valves  in  tliese  cases,  an  open  cistern,  as  in  fig,  15, 
has  sometimes 


ihe  circulation  will  be  stopped  in  those  particular 
[.ipea  until  the  water  throughout  the  whole  ap- 
paratus becomes  heated,  when  it  will  generally 
I!mw  Imck  through  the  return-pipe,  as  above  men- 
lioned.  This  inconvenience,  however,  may  be 
[irevented  by  such  a  contrivance  as  shown  in  the 
r';tum-pipe  of  fig.  15,  which  is  simply  an  inverted 
■-iphon  of  a  iew  inches  in  depth.  This  will  not 
prevent  the  circulation  when  the  flow-pipe  remains 
ojMiu  ;  but  if  that  be  closed  by  a  plug  iu  the  cis- 
tern, then  the  hot  water  \vill  not  return  back 
through  the  lower  pipe.  This  inverted  siphon, 
*  owever,  will,  in  process  of  time,  be  liable  to  be 
hoked  up  with  dirt,  which  will  accumulate  in  tlie 
lower  ]>art  of  the  bend  ;  and  for  the  purpose  of  re- 
moving this,  it  will  be  necessary  to  make  a  cap 
f  covering  to  the  lower  part  of  it,  which  can  be 
it  pleasure,  for  the  purpose  of  clearing 
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away  any  sediment  that  may  accumulate.  These 
cisterns,  however,  when  thus  used,  are  at  best  but 
a  clumsy  way  of  supplying  the  place  of  cocks  or 
valves.  The  latter  are  sometimes  made  to  stop  off 
both  the  flow  and  return-pipe  at  one  operation; 
but,  in  whatever  way  they  are  arranged,  they  are 
generally  one  of  the  most  troublesome  parts  of 
the  apparatus,  as  cocks  and  valves  of  all  kinds  are 
liable  to  get  out  of  repair  unless  they  are  in  the 
hands  of  those  who  perfectly  understand  them,  anJ 
will  keep  them  in  proper  order. 

(53.J  Though  some  of  the  statements  resj^ect- 
ing  the  relative  sizes  of  connecting  pipes,  main- 
pipes,  and  cocks,  may  appear  to  be  at  variance 
with  the  laws  of  hydraulics,  they  will  neverthe- 
less be  found  correct ;  because  several  of  the 
effects  are  to  be  referred  either  entirely  to  hydro- 
static laws,  or  to  a  complicated  result  of  hydro- 
dynamics, and  therefore  they  are  not  to  be  judged 
of  by  simple  hydraulic  principles.  They  rest  not 
on  mere  hypothesis,  but  may  be  relied  on  as  practi- 
cal results  obtained  imder  almost  every  variety  of 
circumstances,  and  too  fully  tested  to  admit  of  any 
doubt  of  their  accuracy. 


CHAPTER    IV. 

Poimaneuceof  Temperaturc^Rates  of  Cooling  for  different 
sized  Bodies— Proper  Sizes  for  Pipes — Relative  Size  of 
Pipes  and  Boiler — Various  Forms  of  Boilers,  and  their 
PecDliorities — Boilers  heated  by  Gas — Objeetiona  against 
contracted  Water-way  in  Boilers — Proper  Size  of  Boilers 
for  any  given  lengths  of  Pipe — What  constlluteB  a  good 
and  efficient  Boiler — Durability  of  different  Materials  for 
Boilers — Effect  of  Impnre  Fuel. 

(54.)  One  of  the  greatest  advantages  which 
le  plan  of  heating  by  the  cireulation  of  hot 
^ater  possesses  over  all  other  inventions  for  dia- 
'tributlng  artificial  heat  is,  that  a  greater  per- 
manence of  temperature  can  be  obtained  by  it 
than  by  any  other  method.  Tlie  difference  be- 
apparatua  heated  by  hot  water  and  one 
'here  steani  is  made  the  medium  of  communi- 
ing  heat,  is  not  less  remarkable  in  this  parti- 
,ar  than  in  its  superior  economy  of  fuel. 
(55.)  It  seldom  happens  that  the  pipes  of  a 
■water  apparatus  can  be  raised  to  so  high  a 
imjierature  as  212"  ;  and,  in  fact,  it  is  not  desir- 
►le  to  do  so,  because  steam  would  then  be 
irmed,  and  would  escape  from  the  air-vent  or 
ifety  pipe,  without  affording  any  useful  heat, 
:eam-pipes,  on  the  contrary,  must  always  be  at 
1°  at  the  least,  because,  at  a  lower  temperature, 
ateam  will  condense.  A  given  length  of 
un  i)ipe  will  therefore  afford  more  heat  than 
same  tjuantity  of  hot-water  pipe  :    but  if  we 
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consider  the  relative  permanence  of  temperature 
of  the  two  methods,  we  shall  find  a  veiy  remark- 
able difference  in  favour  of  pipes  heated  with  hot 
water. 

(56.)  The  weight  of  steam  at  the  temperature 
of  212°,  compared  with  the  weight  of  water  at 
212°,  is  about  as  1  to  1694;  so  that  a  pipe  which 
is  filled  with  water  at  212°  contains  1694  times  as 
much  matter  as  one  of  equal  size  filled  with  steam. 
If  the  source  of  heat  be  cut  off  from  the  steam- 
pipes,  the  temperature  will  soon  fall  below  212", 
and  the  steam  immediately  in  contact  with  the 
pipes  will  condense :  but  in  condensing  the  steam 
parts  with  its  latent  heat;  and  this  heat,  in  passing 
from  the  latent  to  the  sensible  state,  will  again 
raise  tlie  temperature  of  the  pipes.  But  as  soon  as 
they  are  a  second  time  cooled  down  below  212% 
a  further  portion  of  steam  will  condense,  and  a 
further  {quantity  of  latent  heat  will  pass  into  a 
state  of  heat  of  temperature ;  *  and  so  on,  until  the 
whole  quantity  of  latent  heat  has  been  abstracted, 
and  the  whole  of  the  steam  condensed,  in  whi<^ 
state  it  will  possess  just  as  much  heating  power  88 
a  similar  bulk  of  water  at  the  like  temperature;  that 
is,  the  same  as  a  quantity  of  water  occupying  jij 
])art  of  the  space  whicli  the  steam  orignolly  did. 

(57.)  The  specific  heat  of  uncondensed  eteam 
compared  with  water  is,  for  equal  weights,  as 
"8470  to  1  :  but  tlie  latent  heatf  of  steam  being 
estimated  at  1000°,  we  shall  find  the  relative  heat 

'  The  Iteat  of  temperatnre  ia  that  which  ia  appreciable  by 
the  thermometer ;  and  the  term  is  used  io  coQtradiHtinction  to 
latent  beat,  which  Is  not  capable  of  beiog  lUQasnrGd  in  a  direct 
manner  by  any  instriiment  whatever. 

f  The  results  of  different  experiments  on  the  subject  of  tfaa 
latent  beat  of  steam,  although  somewhat  various,  are  yet  suffi- 
cieatiy  near  for  all  practical  purposes.  Watt's  experiments 
Rave  i)00°to  950°;  Lavoisier  and  Laph^ce,  1000°;  Mr.  Sontheni, 
flW;  Dr.  Ure.  907^  to  1000";  and  Count  Humford,  1000'. 
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fri^  <¥*■■'  imyite  of  ccodensed  steam 
of  «:tfia'  b^  Twtiiwtng  both  from  the  teia|>en* 
MRcf  tlT  to  6tr,  lo  be  as  7-120  to  1:  but  fee 
ejmal  iW£>  h  vill  be  «>  1  to  2iS:  that  is.,  balk  for 
Indk.  wvter  will  give  out  ii^  times  ils  much  h«t( 
aft  fteam,  od  redocing^  both  from  the  tt'i))[ieratare 
of  ■ili'  lo  SO*.  A  given  bulk  of  steam  w  iil  tbcre- 
km  loae  ss  much  (^  iu  heat  in  one  minute  as  the 
iaaie  balk  of  water  wilt  loee  in  threv  tioure  and 
thne  quarter?. 

(58.)  AVben  the  water  ami  the  stoam  art  both 
contained  in  iron  pipes,  the  rate  of  cooHng  vrill, 
however,  be  \-eiy  different  from  this  ratio  ;  in 
cooseqaence  of  the  much  lai^r  quantitj-  of  heat 
which  is  contained  in  the  metal  itself  than  in  the 
steam  with  which  the  pi))e  is  filled. 

The  specific  he«t  of  cast  iron  being  m-arly  the 

-ame  as  water  (see  Table  V.,  Ap})endix\   if  Ave 

Tiike  two  similar  pipes,  four  inches  in  dijunetcr, 

luid  one  (juarter  of  an  inch  thick,  one  filled  ivitli 

and    the   other   with   steam,    each    at   the 

iperatnre  of  212".  the  one  which  is  fillet!  with 

er  will  contain  4'68  times  us  much   heat  as 

it  which  is  tilled  with  steam  :  therefore  if  the 

■pipe  cools  do^vn  to  the  temperature  of  60" 

one   honr,   the    pipe   containing   water    ivonld 

luire  four  hours  and    a   half,   under  the  eamc 

imstances,  before  it  reached  the  like  tfinpera- 

.     But  this  is  merely  reckoning  the  effect  of 

pipe  and  of  the  fluid  contained  in  it.     In  a 

3  apparatus  ttiis   is  all   that   la  effective  in 

ig  out  heat ;    but  in  a  hot  -  water  apparattis 

(  is  likewise  the  heat   from   the  water   con* 

led  in  the  boiler,  and  even  the  heat  from  the 

ickwork  around  the  boiler,  which  all  tends  to 

increase  the  effect  of  the  pipes,  in  consequence  of 

the  circulation  of  the  water  continuing  long  after 

the  fire  is  extinguished ;   in  fact,  so  long  an  the 
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TVftter  is  of  a  higher  tein]ierature  than  the  stir- 
roiindiBg  air  of  the  room.  From  these  causes, 
the  difference  in  the  rate  of  coolinf;;  of  the  two 
kinds  of  apparatus  will  be  nearly  double  what  is_ 
here  stated  ;  so  that  a  building  warmed  by  hot 
water  will  maintain  its  temperature,  ai'tcr  the  fire 
is  extlnjjuished.  about  six  or  eight  times  as  long 
as  it  would  do  if  it  were  heated  with  steam. 

This  is  an  important  consideration,  wherever 
permanence  of  temperature  is  desirable  ;  as,  for 
instance,  in  hot-houses,  conservatories,  and  other 
buildings  of  a  similar  description.  And  even  in 
the  application  of  tliis  invention  to  the  warming  of 
dwelling-houses,  manufactories,  &c.,  this  ]iroperty, 
which  water  possesses,  of  retaining  its  temperature 
for  BO  long  a  time,  and  the  very  great  amount  of 
its  specific  heat,  ]irevents  the  necessity  for  that 
constant  attention  to  the  fire  which  has  always 
been  found  m  serious  an  objection  to  the  general 
use  of  steam  apparatus. 

(59.)  The  velocity  with  which  a  jiipe  or  any 
other  vessel  cools,  when  tilled  with  a  heated  fluid, 
depends  pruici|>ally  upon  two  circumstances — the 
quantity  of  Ituid  that  it  contains,  relatively  to  it« 
Biirface  and  the  temperature  of  the  air  by  which  it 
is  surrounded  ;  or,  in  othtr  words,  the  excess  of 
temperature  of  the  heated  body  above  that  of  tJie 
surrounding  medium.  The  subject  of  the  ra'liatioa 
of  heat,  and  the  rate  at  which  a  heated  body  cools, 
under  various  circumstances,  will  he  fully  considered 
in  another  chapter  {eee  Chapter  XII).  But  for 
temperatures  below  the  boiling  point  of  water,  and 
imdor  such  circumstances  as  we  are  now  considering' 
with  regard  to  hot-water  pipes,  the  velocity  oi 
cooling  may  he  estimated  simply  in  the  ratio  of  the 
excess  of  heat,  which  the  heated  body  possesses 
above  the  temjierature  of  the  surrounding  air.  The 
Tariation  in  the  rate  of  cooling,  arising  from  a 
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ferenoe  in  proportion  of  the  superficies  to  the 
188,  is,  for  bodies  of  all  shapes,  inveraelt/,  as  the 
K8   divided  by   the  superficies.      Therefore,   the 
irl'ftlative  ratio  of  cooling,  for  any  two  bodies  of 
rdifferent  shapes  and  temperatures,  is  the  inverse 
I  numbers   obtained    by  dividing  the  mass   by  the 
i'fuperficies,  multiplied  by  the  direct  excess  of  heat 
above  the  surrouoding  air;  provided  the  tempera- 
ture of  the  heated  bodies  be   below  2 1 2".     Thus, 
suppose  the  relative  ratio  of  cooling  be  required, 
for  t\ro  cisterns  tilled  with  hot  water,  one  a  cube  of 
18  inches,  at  the  temperature  of  200";  the  other  a 
parallelopiped,  24  indies  long,  15  inches  wide,  and 
3  inches  deep,  at  the   temperature  of    170°;    the 
surrounding  air  in  both  cases  being  60°.    Then,  as, 


The  nnbe  couWins   6.s:(2.diTiiloa  Ijy  10«.  lUP  9u™rnrie'i  =  3-0 

TliBjKL-allilojnpodoonums..  108U,         do.  951,  do.  =1-13 

The  inverse  of  these  numbers  is,  to  call  the  cube 
1'13.  and  the  parallelepiped  3'0.  Then  multiply 
1'13  by  140  (the  direct  excess  of  temperature  of 
the  cube),  and  the  answer  is  158'2  :  aud  multiply 
3*0  by  110  (the  direct  excess  of  temperature  of 
the  parallelopiped),  and  the  answer  is  330'0 ; 
therefore  the  jtarallelopiped  will  cool,  in  com- 
parison with  the  cube,  in  the  proportion  of  330 
"  I  158,  or  as  2'08  to  1.  So  that  if  it  required  two 
lOurs  to  cool  the  cube  any  proportional  part  of 
■  I  excess  of  heat,  the  other  vessel  will  lose  the 
me  projiortional  part  of  its  excess  of  heat  in  one 

>. )  It  is  evident  that  these  different  velocities 
F  cooling  are  quite  inde]>endeiit  of  the  total  effect 
■at  the  resjiective  bodies  will  produce  in  warming 
jivcn  space.  For  as  the  cube  contains  six  times 
a  water  as  the  other  vessel,  so  it  would  warm 
E  times  as  much  air,  if  both  vessels  were  of  the 
B  temperature.     But  if  six  of  the  oblong  vessels 
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were  used,  they  would  heat  just  the  same  quantity 
of  air  as  the  cube  ;  but  the  latter  would  require 
rather  more  than  two  hours  and  a  half  to  do  what 
the  oblong  ^■es8el8  would  accomplish  in  one  hour, 
supposing  the  temperature  to  be  the  same  in  both 
cases.  In  the  previous  example,  the  temperatures 
are  supposed  to  be  different ;  otherwise  the  rela* 
tlve  ratio  of  cooling  of  the  two  vessels  would  have 
been  as  two  and  a  half  to  one,  instead  of  two  to 
one,  as  stated. 

(61.)  In  estimating  the  cooling  of  round  pipes, 
the  relative  ratio  is  very  easily  found,  because  the 
inverse  number  of  the  mass  divided  by  tite  superficies, 
which  gives  the  relative  cooling  for  all  bodies, 
is  exactly  equal  to  the  inverse  of  ike  diameten. 
Therefore,  supposing  the  temperature  to  be  alike 
in  all, 


That  is,  a  pipe  of  one  inch  diameter  will  cool  four 
times  as  fast  as  a  pipe  of  four  inches  diameter ; 
and  so  on  with  the  other  sizes.  These  ratios, 
multipUed  by  the  excess  of  heat  wliich  the  pipes 
possess  above  that  of  the  air,  will  give  the  relAtive 
rate  of  coolmg  when  their  temperatures  are  dif- 
ferent, supposing  they  are  under  212°  of  Fahren- 
heit. But  if  the  temperatures  are  alike  in  all,  the 
simple  ratios  given  above  will  show  their  relative 
rate  of  cooling,  without  multiplj'ing  by  the  tem- 
peratures. When  the  pipes  are  much  above  212% 
as,  for  instance,  with  the  liigh- pressure  system  of 
beating,  tlie  ratio  of  cooling  must  be  calculated  by 
the  rules  given  in  Chapter  XII. 

(62.)  The  unequal  rate  of  cooling  of  pipes  of 
various  sizes,  renders  it  necessary  to  consider  the 
purpose  to  which  any  building  is  to  be  applied 
that  is  required  to  be  heated  on  this  plun.     If  it 
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1)0  desired  that  the  heat  shall  he  retained  for  a 
;:reat  many  houra  after  the  fire  is  extinguished, 
ilieu  Inrge  pipes  will  he  Imlispensable  ;  hut  if  the 
retention  of  heat  he  unimportant,  then  sniidl  pipes 
luay  be  advantageously  used.  It  may  he  taken  as 
iin  invariable  rule,  that  in  no  case  sliould  pipes  of 
greater  diameter  than  four  inches  be  used  in  any 
ordinary  building,  because,  when  they  are  of  a 
'irger  size  than  this,  the  quantity  of  water  they 
lontain  is  so  considerable,  that  it  makes  a  great 
iiiierence  in  the  cost  of  fuel,  in  consequence  of  the 
increased  length  of  time  required  to  lieat  them. 
I  See  Art.  108.)  For  Iiot-housea,  green-housew, 
conservatories,  and  such  like  buildings,  (jipea  of 
four  inches  diameter  will  generally  be  found  the 
best ;  though,  occasionally,  pipes  of  three  inches 
diameter  may  be  used  for  such  purposes,  but  rarely 
T  of  a  smaller  .^ize.  In  churches  aud  manufac- 
&C.,  pipes  of  either  lour  or  tliree  inches 
meter  will  generally  he  found  most  convenient, 
consequence  of  the  ditiiculty  which  almost 
ys  occurs  of  placing  a  sufficient  ([uantity  of 
s  of  emaller  diameter  in  tliese  buildings.     But   ' 

lling-houses  pipes  of  two  inclies  diameter 

,  generally  he  ((referable,  for  tliey    will  retain 

'  heat  sufficiently  long  for  ordinary  purposes, 

L  their  temperature  can  be  sooner  raised  than 

:  pipes,  and,  on  tliis  account,  a  somewhat  less 

nber  of  sujnrjiciaf  feet  will  suffice  to  warm  a 

1  space. 

?.)  In    adapting  the    boiler   to  a  hot-water 

•atue,  it  is  not  necessary,  as  is  the  case  with 

1  boiler,  to  have  its  capacity  accurately  pro- 

1  to  that  of  the  total  quantity  of  pipe  which 

jpttacbed  (o  it  :*  on  the  contrary,  it  is  sometimes 

even  to  invert  this  order,  and  to  attach 

r  of  small  capacity  to  pipes  of  large  size.     It 

*  See  Chapter  X.  on  !iealuig  b;  uteam. 
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ie  not,  however,  meant,  in  recommending  a  IwUer 
of  small  capacity,  to  propose  also  that  it  shall  be 
of  small  superficies  ;  for  it  is  indispensable  that  it 
should  present  a  surface  to  the  lire  proportional 
to  the  quantity  of  pipe  it  is  required  to  heat;  and 
in  every  case,  the  larger  the  surface  on  which  the 
fire  acts,  the  greater  will  be  the  economy  in  fuel, 
and  the  greater  also  will  he  the  effect  of  tbe 
apparatus. 

(64.)  The  sketches  of  the  hoilers,  figs.  16  to  30, 
are  several  different  forms  which  present  various 
extents  of  surface  in  proportion  to  their  capacity. 

All  except  the  first  two,  however,  have  but  a 
small  capacity,  relatively  to  their  superficies,  com- 
pared with  boilers  which  are  used  for  steam. 
There  is  no  advantage  whatever  gained  by  using 
a  boiler  which  contains  a  large  quantity  of  water. 
For,  as  the  lower  jtipe  brings  in  a  fresh  supply  of 
water,  as  rapidly  as  the  top  pijie  carries  the  hot 
water  off,  the  boiler  is  always  kept  absolutely  fiill. 
The  only  plausible  reason  which  can  be  assigned 
for  using  a  boiler  of  large  capacity  is,  that  as  the 
apparatus  then  contains  more  water,  it  will  retain 
its  heat  a  proportionably  longer  time.  This, 
though  true  in  fact,  is  not  a  sulficient  reason  for 
using  such  hollers  :  for  the  same  end  can  be 
accomplished,  either  by  using  larger  pipes,  or  by 
having  a  tank  connected  with  tlie  ap}>aratus, 
which  can  he  so  contrived,  by  being  cnclused  in 
brick  or  wood,  or  some  otiier  non-conductor,  as  to 
^re  off  very  little  of  its  heat  by  radiation,  and  yet 
be  a  reservoir  of  heat  lor  the  I'ipes  after  the  fire 
has  been  extinguisiied.  If  this  tank  communicate 
with  the  rest  of  the  apparatus  by  a  stop-cock,  the 
pipes  can  be  made  to  produce  their  maxlumm 
effect  in  a  much  shorter  time  than  if  this  addi- 
tional ([uantity  of  water  had  been  contained  in  the 
boiler;  and  a  more  economical  and  efficient  appa- 
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ratus  will  be  obtained.  The  circulation  will 
likewise  be  more  rapid  from  a  boiler  which  cou' 
tains  but  n  small  quantity  of  water,  because  the 
fire  will  bave  greater  effect  upon  it.  and  will 
render  the  water  which  is  contained  in  it  relatively 
lighter  than  that  which  is  in  the  descending  or 
return  pipe. 

(65.)  The  boilers,  figs.  16  and  17,  are  but 
seldom  used  for  hot-water  apparatus.  Fig,  18  ia 
an  excellent  form  of  lioiler  ;  it  is.  in  fact,  the  very 
best  boiler  for  general  use  that  has  ever  been 
made,  and  has  l)een  &r  more  extensively  used 
than  any  other.  It  is  generally  made  of  wrought- 
iron.  Fig.  19  ia  something  similar,  though  deci- 
dedly inferior,  on  account  of  the  inconvenience  of 
a  flat  top  ;  which  not  only  prevents  the  easy  flow 
of  the  hot-water  to  the  ascending  jupe  (which 
ought  always  to  be  placed  on  the  top),  but  also 
the  flues  do  not  act  so  efficiently  on  the  flat  top  of 
this  boiler.  Fig.  20  is  a  good  boiler,  but  is  best 
for  either  very  small  or  very  large  a])]taratu8  (and 
not  for  intermediate  sizes),  depending  on  the  mode 
of  setting  ;  wliich  subject  will  be  described  in  the 
following  chapter.  Fig.  21  is  only  suitable  for 
a  very  small  apparatus.  Figs.  22  and  23  (the 
former  of  which  is  a  section  and  the  latter  an 
elevation)  represent  a  cast-iron  circular  boiler  of 
very  efficient  construction,  and  suitable  for  either 
large  or  small  upparatus.  Fig.  24  is  a  section  of 
the  boiler  known  as  Rogers's  conical  boiler  ;  which 
is  a  circular  boilei-.  externally  resembling  the  fig.  25. 
Tliis  boiler  has  undergone  much  alteration  of  form 
since  its  first  invention.  It  was  first  o]>en  at  the 
top,  and  the  fuel  supplied  there  ;  this,  however,  is 
now  supplied  at  A,  and  b  is  the  smoke  flue.  Fig.  25 
is  a  boiler  nearly  similar  to  the  last,  but  contnvcd 
BO  as  to  be  used  without  jiny  brickwork.  The 
radiation  of  lieat  from  the  surfare  of  this  boQj 
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course  considerable,  and  is  generally  entirely 
isted ;  though  when  the  boiler  is  placed  inside 
the  room  or  building  to  be  warmed,  this  logs  may 
be  avoided.  Fig.  26  is  a  boiler  consialing  of  a 
double  row  of  ]n|Je8  {of  which  the  external  row 

lone  is  shown),  connected  at  each  end  by  an  arch, 
which  the  water  is  sujiplied  to  the  iiipes  forming 

le  body  of  the  boiler.  Tlus  boiler  heats  rapidly, 
but  is  necessarily  very  ivii.'iteful  of  fuel,  as  no  flues 
can  be  formed  in  selling  it.  Fig.  27  is  also  a 
boiler  to  be  used  without  brickwork,  and  for  many 
purposes  is  very  ueeful,  particularly  where  the  heat 
from  the  external  surface  of  the  boiler  can  be 
beneficially  employed.  Fig.  28  is  another  boiler 
ver^'  similar  to  the  last,  but  can  be  adapted  to  a 
much  smaller  size,  as  the  fire  is  contained  in  a  fire- 
clay receptacle,  by  which  means  a  smaller  fire  may 
Ih'  made  to  keep  alight  for  many  hours  without 
attention  ;  and  by  this  contrivance  a  very  much 
smaller  boiler  may  be  made  to  act  efficiently  than 
ii  otherwise  could  do.  Both  these  boilers  answer 
extremely  welt.  The  boilers,  figs.  29  and  30,  are 
more  remarkable  for  their  ingenuity  than  for  their 
practical  utility,  and  it  is  probable  that  the  compli- 
cation of  their  construction  renders  them  peculiarly 
liable  to  accidents.  The  boiler,  fig.  30a,  is  a  useful 
liwiler  in  some  cjises  when  used  of  small  size,  but 
becomes  wasteful  when  made  of  large  dimen- 


(66.)  Boilers  heated  by  gas  are  occasionally  used, 
aid   tliey  often  possess  advantages  when  coal  or 
r«>ke  cannot  be  conveniently  employed.      The  cost 
of  burning  gas  in  this  way  is   however  consider- 
able.    In  the  earlier  editions  of  this  work  the  cost 
.  ol"  burning  gas  was  estimated  at  six  times  the  cost 
f  coal,  when  the  products  of  combustion  were  not 
lowed  to  escape  into  the  open  air  ;  and  at  twelve 
mea  the  cost  of  coal  when  the  products  of  com- 
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bustion  passed  away  direc^tly  into  the  open  air. 
These  estimates  were  pei-fectly  correct  when  they 
were  given  ;  but  since  that  time  improved  mcthotk 
of  burning  gas  have  bet-n  invented,  by  mixing  the 
gas  with  about  twelve  times  its  volume  of  atmoB- 
pheric  air,  previous  to  the  gas  reaching  the  place 
of  its  actual  combustion.  This  invention  is  popu- 
larly known  by  the  term  "  atmospheric  gas."  By 
means  of  this  invention  and  also  by  considerable 
retluctions  in  the  price  of  gaa  relatively  to  the  price 
of  coal,  the  coat  of  burning  gas  in  this  manner 
may  now  be  estimated  at  about  three  tiroe^  the  cost 
of  coal.  In  experiments  made  with  this  method 
of  burning  Carburetted  Hydrogen  Gas,  it  has 
been  found  that  720  cubic  feet  of  gas  gave  tlie  same 
amount  of  heat  that  could  be  obtained  by  75lb8.  of 
good  average  coal,  and  this  at  the  price  of  three 
shillings  and  sixpence  per  thousand  cubic  feet  lor 
the  gas,  and  twenty-four  shillings  per  ton  for  the 
coal,  would  be  nearly  in  the  proportion  of  about 
three  to  one.  When  gas  is  to  be  burned  in  this 
way,  the  boiler  ought  to  be  made  of  copjjer  j  and 
perhaps  the  best  form  of  boiler  for  the  ]>uq»ose  is 
like  the  upper  part  of  that  shewn  in  fig.  25,  which 
would  then  represent  a  shallow  dome  topped  boiler, 
well  suited  to  receive  the  buraers  now  generally 
used  for  the  "  atmospheric  gas."  Or  another  form 
of  boiler  for  this  purpose  consists  of  a  copper 
drum  with  several  vertical  cojiper  tubes,  approach- 
ing nearly  to  a  locomotive  boiler  standing  vertically 
instead  of  horizontally.* 

(67.)  There  are  many  other  forms  of  boUere 
which  have  been  proposed  for  the  hot-water  appa- 
ratus, and,  in  fact,  the  multiphcation  of  them 
appears  almost  ivithout  limit.  It  is,  perhaps, 
scarcely  any  exaggeration  to  pay  they  amount  to 

"  See  also  Ait.  800  for  remarks  oo  improvod  iq»UiikU  of 
burning  Carburetted  Hydrogen  (ias. 
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hundreds.      When  strictly    considered,   however, 
_there    is    scarcely   one    tliat    presents   any  real 
■aovelty,  and  generally  they  are  mere  colourable 
laptations  of  some  one  of  thcise  whicli  hitve  been 
ribed  ;  and  the  wonderful  etFects  which  some- 
lies  are  attributed  to  them  arise  either  from  the 
parties    beinir    deceived   in  the  results,   or  from 
i-  being  unacquainted  with  what  has  previously 
sen  ftccoraplished  by  others.     The  principles  on 
Irbicb  a  boiler  must  be  constructed  in  order  to 
»me  efficient,    are  as  fixed  and  immutable   as 
pe  laws  of  nature  ;  and  the  modes  by  which  these 
"(rlnciples  niv  to  be  apphed  are  all  determinable 
'  experience,  and  can  he  correctly  judged  of  by 
rtain  rules,  beyond  the  possibility  of  error.     The 
bode  of  doing  this  may,  perhaps,  in  some  degree 
nnd  to  prevent  the  erroneous  notions  which  fre- 
quently jirevaiL  upon  this  subject. 

(68.)  The  adoption  of  boilers  of  small  capacity 
Kaving  been  recommended  (Art.  64),  it  is  neces- 
to  acc(jmpany  the  recommendation  with  a 
Iftution  against  running  into  extremes  ;  for  this 
or  has  been  the  cause  of  failure,  and  of  the 
y  of  tlie  apparatus  in  many  instances, 
lie  boiler,  tig.  21,  is  an  instance  of  this  sort,  in 
an  absurd  extreme  has  occasionally  been 
(flopted.  Tlie  contents  of  a  boiler  of  this  shape 
bmetimes  do  not  exceed  a  couple  of  gallons, 
Wen  when  applied  to  a  very  large  furnace  ;  and 
agh  this  boiler  presents  a  large  surface  to  the 
the  space  allowed  for  the  water  is  so  small 
the  neutral  salts  and  alkaline  earths,  de- 
sltcd  by  the  water  which  evaporates  from  the 
,  contract  the  water-way,  already  far 
I  email,  and  effectually  impede  the  cfrculation, 
also  prevent  the  full  force  of  the  fire  from 
on  the  water.  In  a  very  Muail  apparatus, 
iver,    this    form    of    boiler    has    occasionally 
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been   used   with    advantage,    the   fire    beinj 
intense. 

(69.)  But  perhaps  the  more  immediate  cause  of' 
fnihire  of  this  shaped  boiler  arises  from  a  different 
and  very  singular  circumstance.  The  quantity  of 
water  whioh  it  contains  being  so  small,  and  the 
heat  of  the  fire,  therefore,  when  the  furnace  is 
large,  being  very  intense  upon  it,  a  repulsion  is 
caused  between  the  iron  and  the  water,  and  the 
latter  docs  not  receive  the  full  quantity  of  heat. 
This  extraordinary  effect  is  not  hypothetical;  it 
has  been  proved  to  exist  by  the  most  satisfactory 
experiments;  particularly  some  which  were  made 
by  the  Members  of  the  Franklin  Institution  of 
Pennsylvania.  The  repulsion  between  heated 
metals  and  water  they  ascertained  to  exist,  to  a 
certain  extent,  even  at  very  moderate  degrees  of 
beat;  being  appreciably  different  at  various  tem- 
peratures below  the  boiling  point  of  water.  But, 
as  the  temperature  rises,  the  repulsion  increases 
with  great  rapidity;  so  that  iron,  when  red  hot, 
completely  repels  water,  scarcely  communicating 
to  it  any  heat,  except,  iierhaps,  when  under  con- 
siderable pressure.* 

The  boiler  in  question,  however,  seldom  or 
never  reaches  the  temperature  of  luminosity, 
though  it  is  still  sufficiently  high  to  make  a  coD' 

•  Mr.  Jacob  Perkins  brought  this  carious  fact  prominently 
forward  during  his  ingeaioua  experimeuts  on  high-presBuro 
Gtenm.  It  has,  however,  long  boeu  known  ns  a  philosophical 
fact,  and  was  first  observed  iu  1756,  by  M,  Leiudonfroat,  U. 
Elaproth  subsequently  investigated  it,  and  publJsbed  some  es- 
perimenta  on  the  subject  {Niclwhon'g  Journal,  vol  iv.,  p.  2U8). 
In  the  "  Parliamentary  Report  and  Evidence  on  the  Scotch 
Distilleries  for  1798  and  1790  "  (p.  610),  there  is  a  quotatioo 
from  ■'  Chaptal'a  ChemiBtry,"  siiowiug  that  he  was  well  »<;- 
quainted  with  the  fact ;  aud  aUu  some  experiments  by  M. 
Zeigler,  by  whioh  he  ascertaiued  thut  a  drop  of  water  tool 
eecouds  to  evaporate  from  metal  heated  to  £20"  Fi ' 
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sidcr&ble  difference  in  the  heating  of  the  water, 
.dded   to  this,  the  form  of  it  prevents  the  full 
"ect    of    the   heat   being  communicated    to    the 
,pes  ;    for   the    extreme  smallnesa  of  the  water- 
'ay  prevents   the   rapid    communication  between 
the  various   parts,  snd  therefore  the   upright  or 
flow-pipe    receives   its    principal    supply   of  heat 
from   that    portion  of  the  Ijoiler  wliich  is  imme- 
diately benc^iith  where  it  is  fixed,  instead  of  that 
etiiiable    cormnimi cation   of   heat    from   all   parts, 
liich  is  the  ordinary  process  in  boilers  of  good 
iportions.     There  is  likewise  a  probability  that 
.in  would  form  in  tliis  boiler,  wuicli  would  still 
-her  interfere  with  the  circulation  of  the  water. 
lUt  were  the  water-way  to  be  enlarged,  all  these 
iconvenieuces    and    probable    causes    of    failure 
uld  proportionably  decrease.     All  these  causes 
inefficient  action  may  not  exist  simultaneously, 
they  may  act  at  ditterent  stages  of  the  working 
the  apparatus.    But  they  all  apply  equally  to  every 
liler  in  which  the  rational  limits  of  the  surface, 
latively  to  the  capacity  or  contents  of  the  boiler, 
,ve  given  place  to  wild  chimeras  and  fanciful  no- 
tions, not  based  on  sound  principles  of  pliilosophy. 

These  remarks  are  exemplified  in  a  boiler  which 
has  received  the  name  of  the  Trentham  boiler,  and 
was  at  one  time  much  lauded  for  its  extraordinaiy 
economy.     In  shape  it  is  exactly  like  tlie  Cornish 

lint  that  it  only  required  one  eeoond  TvlieD  the  metal  was  at 
300'  Fahrenheit. 

In  the  recent  experiments  "  On  the  Explosion  of  Steam 
Boilers,"  by  the  Frattklin  lostitittion  of  Pennsylrania,  a  very 
thick  iron  ladle  was  perforated  with  a  number  of  Bmall  holes, 
and  then  made  red  hot.  When  water  was  poured  into  thia 
ladle,  none  of  it  escaped  through  tlie  holes,  until  the  ladle 
cooled  down  below  redness  ;  and  the  [quantity  which  after- 
wards passed  through  increased  with  every  reduction  of  the 
tocnperaliire,  the  difference  being  quite  appreciable  even  be- 
'neen  the  temperature  of  60"  and  S0°  Fahrenheit. 
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boiler,  fig,  20.  But  the  theory  was  proixumded  that 
the  less  water  it  contained  the  greater  the  eflect 
would  be ;  and  in  large  boilers  of  eight  or  ten  feet 
long,  the  water-way  wna  reduced  all  round  the  boiler 
to  about  an  inch  and  a  ^piarter.  Practical  working 
proved  this  to  be  a  fiillacy :  and  the  much  lauded 
rrentham  boiler  has  now  resolved  itself"  into  the 
ordinary  Cornish  boiler,  which  has  been  known 
and  extensively  useil  for  a  century  and  a  half. 

(70.)  It  is  obvious  that  the  extent  of  surface 
which  a  boiler  ought  to  expose  to  the  fire  should 
be  proportional  to  the  quantity  of  pipe  that  is 
refjuired  to  be  heated  by  it;  and  it  is  not  difficult 
to  estimate  these  relative  proportions  with  suffi- 
cient accuracy,  notwithstanding  the  various  dr- 
cumstances  which  modify  the  effect. 

(71.)  It  has  been  proved  by  experiments  that 
four  square  feet  of  surface  of  an  iron  boiler  will 
evaporate  one  cubic  foot  of  water  per  hour,  when 
exposed  to  the  direct  action  of  a  tolerably  strong 
fire.  This,  however,  requires  free  exposure  to 
the  radiant  heat  of  the  fire  ;  for  the  heat  com- 
municated to  the  flue  surfaces  is  only  equal  to 
one-third  of  that  which  is  derived  by  the  direct 
action  of  the  fire,  acting  upon  the  bottom  or  sides 
of   the  boiler.*      And   it  can   be  ascertained  by 

•  Mr.  Eobert  Stepheosou's  experiments  on  tliia  anLijeet 
clearly  prove  this  proporiion  between  tlie  relative  Iieitting 
of  due  sarface  and  boUer  surfiico  to  be  oorrtct.  In  his  ex* 
peritnestd  the  Hues  consisted  of  tubes  passing  through  tb* 
water ;  luitl  ho  found  tliat  while  six  si^iiare  feet  of  boiler  soi- 
face  evaporated  six  gaUons  of  water  in  38  minutes,  the  floB 
surface,  consisting  of  24^  square  feet,  had,  in  the  same  tim«i 
evaporated  eight  gallons.  This  will  be  found  equal  to  evapo- 
rating one  cubic  foot  of  water  per  hour,  from  3-7  square  feet 
of  the  boiler  surface  exposed  to  the  direct  action  of  the  fire ; 
ani]  the  aanie  quantity  of  water  evaporated  by  ll-'J  squon 
feet  of  the  Bae  surfacu ;  beiuj^  iu  tho  projiortiun  of  I  to  S. 
(Seu  H'oKti'.  IrfattM  .XI  /.'ai/ront/,*,  8rd  edition,  p.  C21,)  In  Iho 
best  locomotive  engines,  tlio  powc(  of  tlie  boiler  ht  C'luul  to 
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oUculatiou,  that  the  same  extent  of  heating  sur- 
fitce  which  will  evaporate  one  cubic  foot  of  water 
per  hour  from  the  mean  temperature  of  52",  will 
he  sufficient  to  supply  the  requisite  heat  to  232 
feet  of  pii>e  four  inches  diameter,  when  the  tem- 
perature of  this  pipe  is  to  be  kept  at  140"  above 

one  cobJQ  foot  of  water  evaporated  per  liour  by  17  eqnare 
foot  of  boiler  Barfaua  exposed  to  the  direct  action  of  the  fire. 
This  apjie&rs  to  be  almoBt  the  greatest  effect  that  cim  be 
prodnced  at  preaeiit.  ( Kj'perimfnif  oh  Greni,  Western  lUnlway, 
1IJ3B.)  In  ltl^4,  the  Chevalier  Pambour  foiiad  the  average 
of  the  flDgines  on  the  Liverpool  and  Maneheater  Railway  to 
te  one  cubic  foot  of  water  evaporated  per  hour,  frum  2'6 
sqaare  feet  of  surface  exposed  to  tbe  direct  action  of  the  firo. 
The  Hue  surface  in  all  these  experiments  was  calculated  as 
«qual  to  one-third  that  of  the  boiler  surface.  This  high 
evaporating  power  can  only  be  maintained  when  a  Tery 
powerful  draught  is  produced  by  mechanical  means  ;  aud  in 
ill  these  cases  there  is  a  very  great  waste  of  fuel.  In  the 
original  experiments  of  Watt,  on  steam  boilers,  he  fonnd  that 
tbe  average  of  eight  eqaare  feet  of  boiler  surface  was  required 
1o  evaporate  one  cnbic  foot  of  water  per  hour.  This  propor- 
tion IS  still  very  generally  used ;  and  by  employing  a  large 
heating  surface,  economy  of  fuel  is  always  produced.  This  is 
strikingly  exemplified  in  the  Cornish  engines,  the  boilers  of 
which  have  a  larger  surface  than  any  others ;  and  the  con- 
sumption of  fuel  (per  horse's  po\ver  of  the  engine)  throughout 
Cornwall  only  averages  one-fourth  of  that  of  the  manufactur- 
ing districts  of  England.  The  whole  of  this  saving,  however, 
IS  not  due  to  increased  surface  of  the  boilers ;  a  large  propor- 
tion of  it  is  owing  to  the  mode  of  using  the  steam  expansively, 
which  is  there  carried  to  the  extreme.     (See  Art.  95.) 

r..inliour  has  qutistioned  the  accuracy  of  the  estimate  for 
iilionate  etfect  of  Hue  and  boiler  surfaces,  which  he 
la  not  differ  so  much  in  heating  power  as  is  gene- 
[I'sed;  but  the  doubt  only  applies  to  the  boUera  of 
-  eogiues  where  a  very  powerful  blast  is  applied, 
c  agrees  that,  in  other  cases,  tbe  proportionate  heating 
c  of  S  to  1  for  tbe  boiler  surface  and  Hue  surface  is  nearly 
(Pamtwur's  Tivaiiite  on  Locmiwiive  Enginu,  '2dA  edition, 
9.) 

tdgold  also  gives  the  proportions  as  abont  three  f^ut  of 
surface  exposed  to  the  direct  action  of  the  hre,  to 
it«  one  cubic  foot  of  water  per  hour,  when  tbe  furnace 
0  one-fourth  the  area  of  lUe  boiler  surface. 
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that  of  the  Burrounding  air.*  From  this,  then, 
apj>ears  that  one  square  foot  of  boiler  surface 
exposed  to  the  direct  action  of  the  fire,  or  three  square 
feet  of  flue  surface,  will  be  sufficient  in  a  hot-watw 
apparatus  to  supply  the  necessary  heat  to  about  58 
superficial  feet  of  pipe;  or  in  round  numbers,  the 
proportion  may  be  stated  as  one  foot  of  boiler  to 
50  feet  of  pipe.  As  this,  however,  is  almost  the 
maximum  quantity  of  pipe  which  can  be  heated, 
or,  in  other  words,  the  maximum  effect  which  can 
be  produced  without  mechanical  means  of  producing 
draught,  it  is  very  desirable  in  all  cases  to  allow 
an  increased  surface  of  the  boiler ;  bearing  in 
mind  that  not  only  will  economy  of  fuel  be  thereby 
produced,  but  the  apparatus  will  be  much  easier 
managed,  and  thus  become  more  effective  and  cer- 
tain in  its  operation.  The  following  Table  gives 
the  maximum  quantity  of  pipe  which  a  boUer  will 
heat,  calculated  by  the  above  rule,  and  supposing 
the  best  coals  alone  to  be  used  : — 


I.  Pipa. 


S-iii.  Pipe. 


^ftl  200  feet,  or  26C  feet,  or  400  feet. 
•Am  .  .  400  .  .  COO 
400  .  .  583  .  .  800 
f^OO  .  .  666  .  .  1000 
700  .  .  938  .  .  1400 
1000     .     .  18SS     .     .  2000 


•  It  appears  Iiy  calculation  (Art.  GO},  that  a  fonr-incb  pipa 
will  lose  -SSI  of  a  degree  of  lieat  per  ininute,  wlien  the  excess 
of  its  temperature  above  the  cirtum ambient  air  is  125°.  U, 
therefore,  tbia  excess  were  H0°,  the  loss  per  mitint«  would  be 
-953  of  a  degree  of  beat.  Calculating,  therefore,  this  loas  to 
be  57'IS  degrees  per  hour,  and  Gstimating  also  (the  latent 
beat  of  steam  being  1000°)  that  the  cnbic  foot,  or  1728  enbio 
inches  of  water  evaporated,  has  received  1100"  of  heat,  and 
that  one  foot  in  length  of  a  four-inch  pipe  contains  I60-T 
cubic  inches  of  water,  we  shall  obtain  J228X 1 160  ^  ^gg  j,   , 

150-7Xi>7-18 
as  stated  in  the  test. 


Iroii 
1 mar 
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small  apjiaratus  ought  always  to  have  more 
face  of  boiler,  in  proportion  to  the  length  of 
than  a  larger  one ;  as  the  fire  is  less  intense, 
burns  to  less  advantage  in  a  small  than  in  & 
furnace.  The  effect  also  depends  greatly 
upon  the  quality  of  the  coal,  the  height  of  the 
chimney,  the  rapidity  of  draught,  the  construction 
of  the  furnace,  and  many  other  particulars;  and  it 
will  always  be  found  more  economical,  as  regards 
the  consumption  of  fuel,  to  work  with  a  larger 
surface  of  boiler  at  a  moderate  heat,  than  to  keep 
the  boiler  at  its  maximum  temperature,* 

(72.)  But  beside  all  these  causes  that  modify 
the    effect,    there  is  another,    that  will  alter  the 
proportions  which  may  be  employed.      The  data 
from  which  the  calculation  of  the  boiler  surface  is 
made,  assume  the  difference  to  be   140"  between 
temperature  of  the  pipe  and  the  air  of  the 
im  which  is  heated  ;  the  pipe  being  200",  and 
air  60°.     But  if  this  difference  of  temperature 
be  reduced,  cither  by  the  air  in  the  room  being 
higher,  or  by  the  apparatus  being  worked  below 
its  raaximum  temperature,  then,  in  either  case,  a 
given  surface  of  boiler  will   suffice  for  a  greater 
length  of  pipe,     For  if  the  difference  of  tempera- 
ture between  the  water  and  the  air  be  only  120° 
itead  of    140°,  tlie  same  surface  of  boiler  will 
ply  the  requisite  degree  of  heat  to  one-sixth 
»re  pipe  ;  and  if  the  difference  be  only  100",  the 
boiler  will  supply  above  one-third  more  pipe 

I*  A  nsefiil  formnln  for  calculating  tbe  etTect  of  boilers  and 
bnsces  in  most  coiumon  cases  ii;  as  follows  : — 
■One  B<{nKre  Foot  of  Boiler  Biirfiice  exposed  to  the  dirfet  action 
^the  fire,  will  IjoU  11  gallons  of  water,  from  52"  to  212° 
■hrenheat  per  hour  ;  or  in  otLer  words  it  will  add  160°  of 
kat  to  11  gallons  of  water,  Or  the  same  surface  will 
iwaraic  H  gallons  of  water  jier  hour. 
[riie  area  of  the  furnace  bars  should  he  about  one  sixth 
X  of  Ibe  Boiler  eurfnce  (see  note  to  Ait.  70). 
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than  the  quantity  before  stated.  It  will,  there- 
fore, sometimes  occur  in  practice  (where  economy 
in  construction  is  the  primary  object),  that  the 
t|uantity  of  pipe  in  proportion  to  a  given  surface  of 
boiler  may  be  even  increased  beyond  the  amount 
which  is  given  in  the  preceding  Table :  because,  in 
forcing- honses,  for  instance,  the  temperature  of  the 
air  will  always  be  above  60";  and  in  the  warming 
of  churches,  warehouses,  or  other  large  buildings, 
the  temperature  of  the  water  will  generally  be 
considerably  below  200°  —  the  pipe  not  being 
required  to  be  worked  at  its  greatest  intensity, — 
and,  therefore,  in  both  these  instances,  a  larger 
proportion  of  pipe  may  be  applied  to  a  given 
sized  boiler.  It  therefore  follows,  that  although 
a  smaller  boiler  surface  would  really  supply  a 
sufficient  quantity  of  heat,  under  strict  manage- 
ment and  constant  attention,  it  will  generally  be 
better  not  to  reduce  the  size  of  the  boiler  below 
what  has  here  been  stated;  for  not  only  will  the 
apparatus  need  less  attention,  but  also  the  required 
tempeniture  of  the  building  can  be  thus  much 
sooner  attained,  as  well  as  more  easily  continued. 
A  very  good  proportion,  suitable  for  nearly  every 
purpose,  is  to  allow  about  one  foot  of  boiler  sur- 
face (calculated,  as  already  described.  Art..  71)  to 
about  40  superficial  feet  of  pipe,  or  other  radiatiiifj 
surface,  or  about  one-fifth  more  boiler  sui-face  ttian 
the  preceding  table  states. 

(73.)  It  may  be  desirable  here  to  state  what  arc 
the  peculiar  characteristics  of  a  good  boiler  for  thLs 
purpose,  and  how  the  quiililiciitions  of  each  par- 
ticular shape  are  to  be  judged  of.  A  minute  detail 
of  the  peculiarities  of  each  of  the  various  forms 
would  scarcely  be  worth  the  sjjace  such  a  descrip- 
tion would  require.  The  principal  recomincDdu- 
tions  of  a  boiler  are,  that  it  shall  expose  the 
largest  surface  to  the  fire  in  the  graallest  Bpact*; 
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that  it  shall  effectually  absorb  the  heat  given  out 
from  the  fuel,  bo  that  as  little  heat  as  possible 
shall  escape  up  the  chimney;  that  it  shall  allow 
free  circulation  of  the  water  throughout  its  entire 
extent ;  and  that  it  shall  not  be  liable  to  get  out 
of  order,  nor  rapidly  deteriorate  by  continued  use. 
The  first  of  these  qualifications  is  of  itself  a  com- 
iponnd  question.  We  have  seen  (Art.  71 )  that  any 
surface  exposed  to  the  direct  action  of  the  fire,  or, 
(id  other  words,  to  the  radiant  heat,  receives  three 
times  as  much  heat  as  a  similar  surface  exposed 
laerely  to  the  conducted  heat,  or  that  which  is 
f»fforded  by  the  products  of  combustion  after  they 
are  thrnwn  off  from  the  burning  fuel.  Here,  then, 
is  a  Very  important  distinction  in  boilers;  for  as 
radiant  heat  passes  in  straight  lines  in  every 
direction,  it  follows  that  the  largest  possible  sur- 
face ought  to  he  exposed  immediately  over  the 
burning  fuel,  and  that,  too,  at  the  least  possible  dis- 
co; because  the  effect  of  radiant  heat  decreases 
the  square  of  the  distance  Iwtween  the  radiating 
id  the  recipient  Iwdies  (Art.  235).  It  is  no  re- 
imendation  of  a  boiler,  therefore,  to  say  that 
contains  a  certain  number  of  square  feet  of 
ting  surface  in  a  given  space  ;  for  unless  this 
can  he  acted  upon  by  the  radiant  heat  of 
lC  furnace,  a  boiler  of  less  than  one-half  the 
iperficial  measurement,  if  judiciously  contrived 
ir  this  object,  may  greatly  exceed  it  in  power.* 

•  The  most  remarkflble  illuBtration  of  the  effect  of  exposing 

alarge  surface  to  the  direct  action  of  the  radiant  beat  is  afforded 

~'      "  6  evidence  given  before  the  Committee  of  the  House  of 

one,  in  1798.  on  the  Distillera  of  Scotland.     Owing  to 

rde  of  levTing  the  duty  at  that  time,  it  became  an  object 

k  off  the  liquor  from  the  still  h,s  rapidly  as  possible, 

Bspective  of  the  cost  of  the  apparatus  or  the  expenditiu-e  of 

iL     To  such  &a  extent  was  this  carried,  that  the  stills  were 

tn&Uy  charged,  the  wash  distilled,  and  the  refuse  discharged. 

t  620  times  in  24  hoars,  or  '2  j  minutes  for  each  charge  of 

G    2 
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It  is  by  not  attending  to  this  distinction  that  so 
many  people  deceive  themselves  in  the  conatrnc- 
tion  of  boilers.  In  order  to  Increase  the  surface 
of  the  boiler  as  much  as  iiossible,  they  overlook 
this  important  distinction — whether  the  surface  so 
added  is  or  is  not  exposed  to  the  radiant  heat  of 
the  tire;  and  they  frequently  contract  the  surface 
exposed  to  the  riMliant  heat  in  order  to  add  a  rather 
larger  surface  somewhere  else ;  overlooking  the 
iact  that,  unless  they  can  add  three  feet  of  surface 
ill  place  of  each  foot  they  subtract  from  the  former, 
the  Ijoiler  will  have  less  ])ower  than  it  had  liefore. 
In  this  way  complicated  forms  of  boilers  have  been 
constructed,  expensive  in  uiaking,  and  inferior  in 
power  H9  well  as  in  economy  of  fuel,  to  other  more 
simple  forms.  There  are  no  boilers  which  possess 
these  advantages  in  a  greater  degree  than  the 
boilers  shown  in  figs.  18,  22,  and  23  ;  the  former 
being  tlie  arched  boiler,  wliich  appears  to  accom- 
plish all  that  can  be  desired  as  an  efficient  useful 
boiler,  and  the  latter  is  the  bcll-shiiped  boiler,  now 
comparatively  little  used,  bnt  still  possessing  great 
merit  as  a  most  efficient  form  of  construction.  The 
comparative  disuse  of  this  latter  boiler  probably 
arises  from  the  great  difficulty  of  setting  it  properly, 
and  from  being  not  so  easily  worked  and  kept  clean 
in  the  flues  as  some  others.     It   is  almost  necesfl- 

16  gallons.     There  is  oo  otlier  inBtnnoQ  known  in  tho  loaet 

approaching  this  extraordinary  result,  in  which  a  emtvl]  vessel 
of  the  measurement  of  40  gallona  onnld  distil  a  charge  of 
16  gallons  of  wash  in  1]  minutes,  half  a  minute  more  beiiig 
required  for  charging  the  Btill,  and  the  like  time  for  discharg- 
ing the  refase.  This  was  accomphshed  by  having  the  BtUI 
exceedingly  fiat,  so  thatthe  largest  possible  eurfaco  was  exposed 
to  the  direct  action  of  the  radiant  heat,  aud  the  flame  ucted 
intensely  upon  the  whole  bottom  surface  of  tiie  still,  and  thea 
passed  oS  at  once  into  the  chimney.  The  waste  of  fael  was  of 
ooutee  immense,  but  the  rapidity  of  action  w«s  fully-  acoom- 
plished. — lirpoyt  on  Seulck  DiaiUeriu,  178y,  pp.  517~78L    ' 
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r  made  of  cast  Iron,  as  the  form  is  difficult  to 
Ke  of  wrought  iron.  The  part  exposed  to  the 
fire  is  covered  with  a  series  of  ribs  two  inches  deep, 
and  about  one-fourth  or  three-eighths  of  an  inch 
thick,  radiating  from  the  crown  of  the  arch,  at  an 
Average  distance  of  two  inches  from  each  other, 
^hese  ribs,  it  is  evident,  must  increase  the  surface 
xposed  to  the  fire  to  an  enormous  extent,  and 
'lat,  too,  precisely  where  the  effect  is  by  far  the 
latest,  being  immediately  over  the  burning  fuel, 
ind  receiving  the  wliole  of  the  radiant  heat  from 
^e  fire,* 

(74.)  The  second  qualification,  that  the  bolter 
Siall  absorb  the  greatest  quantity  of  heat  from  the 
fuel,  is  partly  dependent  on  the  cause  already 
explained,  and  partly  on  the  conducting  power  of 
she  metal  itself.  In  this  respect  the  boiler  (fig.  18) 
MseBscs  an  advantage  over  the  other,  in  conse- 
joaice  of  being  made  of  wrought  iron,  and  there- 
pre  very  much  thinner.  Were  it  made  of  copper, 
eftect  would  be  still  further  increased  (see 
.  245)  ;  but  the  greater  expense  of  copper  is  an 
BbjectioD. 


I  •  As  early  as  the  year  1828,  the  author  adopted  the  plan  of 

ICieasing  the  heating  surface  of  these  boilers  by  means  of  a 

real  number  of  protuberances  cast  on  the  bottom,  -which 

Itotaberances  were  one  inch  long  and  seven -eightha  of  an  Inch 

'lameter,  and  placed  two  inches  apart  from  each  olhor.     Sub- 

tqueutly  these  pine,  or  protuberances,  were  still  further  ex- 

mded,  80  as  to  form  continuous  bars  or  ribs,  radiating  from 

'floentre  of  the  boiler  ;  and  they  were  made  one  inch  and  a 

lU  deep,  anil  three-eighths  of  on  inch  thick,  and  they  were 

EbfiD  placed  as  well  on  the  surface  exposed  to  the  water  as  that 

exposed  to  the  fire.    This  plan  of  increasing  the  beating  surface 

vu,  in  the  year  1835,  patented  by  Wr.  Sylvester,  both  for  cast 

ud  wrouglit-iron  hoilerd  ;  and  in  IHil,  Mr.  C.  W.  Williams 

patented  the  same  plan  for  wrought-iron  steam  boilers,  the  pina 

ing,  by  hia  phin,  screwed  into  the  substance  of  the  plate, 

Btead  of  being  formed  byrollinfr.as  proposed  by  Mr.  SyWeater. 

It  has  been  generally  supposed  that  all  sharp  protuberanoea 


86  INJLEIES    TO    BOILEKS. 

(75.)  The  third  recommenilation  of  a  boiler, 
that  it  shall  allow  of  a  free  circulittioii  of  the  water, 
is  entirely  tlepenilent  on  its  form  ;  and  on  this 
suliject  some  remarks  have  already  \teeu  made 
(Art.  68.)  And  the  last  test  of  a  good  hoiler,  that 
it  shall  not  lie  liable  to  get  out  of  order,  nor 
rapidly  diiteriorate,  is  one  that  depends  partly  on 
the  goodness  of  the  materials  and  workmanship,  and 
partly  oii  the  mode  of  producing  the  comhustion 
of  the  fuel.  Some  very  im|Jortant  chemical  effects 
appear  to  result  occasionally,  Ijoth  fi-oni  the  fuel 
employed  as  well  as  from  the  metiiod  of  combustion. 
The  effects  on  copper  are  the  most  destructive  ; 
and  instances  have  occurred  where  the  bottoms  of 
copper  lioilers  have  separflted  entirely  from  the 
sides,  as  though  cut  through  with  a  chisel,  just  at 
the  part  where  the  principal  action  of  the  fire 
occurs ;  and  others  have  become  entirely  riddled 
througliout  the  surface  exposed  to  the  tire.  These 
are  very  rare  occurrences,  and  the  cause  appears 
soraevhiit  obscure  ;  but  the  subject  will  he  better 
explained  in  a  sultsequent  chapter  (Chapter  VI., 
Part  II.).      Generally  speaking,  a  wrought-iron 

inside  aboiIerc;iUBed  a  more  rapid  ebullition  of  the  wuter  than 

a  flat  surface;  and  the  author  in  162S  originally  adopted  this 
mode  of  iucreasiug  the  water'sorfaco  as  well  as  the  fire-anr- 
face  ;  and  lUe  plan  was  afterwards  followed  both  by  Mr.  Syl- 
vester and  llr.  Williams  in  their  patents.  Subsequent  experi- 
ments, however,  have  convinced  the  author  that  it  is 
nnnecessary  to  incroaaQ  tlie  water-surface  by  these  means. 
In  particular  Mr.  Josiah  Parkes's  esperimeuta  in  1H40  (rtrf* 
his  published  Eeport),  on  Mr.  M.  A.  Perkins'  patent  steam- 
boiler,  proved  that,  owing  to  the  great  conducting  power  of 
water,  the  whole  of  the  heat  generated  by  117  superficial  feet 
of  iron  exposed  to  the  fire  was  abstracted  by  44  superfict&l  feet 
exposed  to  the  water ;  or  that  the  water  will  absorb  the  beat 
at  least  '2-S  times  as  fast  from  the  iron  as  the  iron  can  receive 
it  from  the  fire :  and  therefore  it  appears  tlie  internal  pro- 
tuberances on  the  icaler-aurfacc  of  a  boiler  are  unueoessuy. 
Bee  also  Art.  251. 
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boiler  will  heat  quicker,  and  with  less  expenditure 
of  fuel,  than  a  cast-iron  boiler:  it  mil  also  l^e  less 
liable  to  accidents,  as  cast-iron  boilers  occasionally 
crack,  particularly  if  they  contain  sharp  angles  in 
their  construction,  or  if  they  are  so  formed  that 
the  fire  acts  unequally  on  them,  and  expands 
one  part  more  than  another.  From  these  defects 
wrought-iron  boilers  are  exempt.  But,  on  the 
contrary,  wrought-iron  will  corrode  much  more 
rapidly  than  cast-iron  ;  and  in  very  damp  situa- 
tions, where  the  stoke-hole  or  boiler-house  is  some- 
times left  for  half  the  year  some  inches  deep  in 
water,  a  wrought-iron  boiler  would  be  rapidly 
corroded,  Avhen  a  cast-iron  one  would  be  compa- 
ratively uninjured. 

Very  destructive  effects  have  sometimes  been 
produced  by  using  fuel  strongly  impregnated  with 
sulphur.  The  efiect  produced  by  such  fuel  on  the 
durability  of  boilers  is  very  rapid.  Boilers  heated 
with  such  fuel  will  oftentimes  be  destroyed  in  one 
fourth  the  time  that  they  would  have  lasted,  had  a 
better  fuel,  free  from  sulphur,  been  employed. 
With  a  sulphurous  coal  the  plates  are  very  rapidly 
destroyed,  and  still  more  the  rivet  heads,  which  are 
sometimes  entirely  eaten  away,  leaving  the  boiler 
in  a  leaky  and  dangerous  state. 


CHAPTER  y. 

On  the  Conatruction  of  FnrnaceB — Combnation  ilependent 
size  of  Furnace-bars — Furnace -doors,  and  other  Parts  ol 
Fam ace— Proportionate  Area  of  Furnace-bars  to  the  Fnel 
consumed— Confining  the  Heat  within  the  Furnace — Dir«- 
ttons  for  building  the  Furnace  for  different  Boilers — Advan- 
tage of  large  Furuact  a — Modesof  Firing — Sizeof  Chimneys. 

(76.)  The  constniction  of  the  furnafce  for'a  hot- 
water  apparatus  is  a  matter  which  requires  con- 
sideraljle  care  ;  for  althoiigh,  from  the  small  eiie 
of  the  boilers  generally  used,  the  furnaces  are  by  no 
means  difficult  to  construct,  it,  is  a  very  commoa 
fiiult  in  building  them  to  allow  of  Buch  a  very- 
easy  exit  for  the  flame  and  heated  gaseous  matter, 
that  a  large  jtortion  of  the  heat  fiasses  up  the' 
chimney,  instead  of  being  received  by  the  water 
in  the  i>oiler.  This  arises  principally  from  the 
shortness  of  the  flues  in  these  boilers,  in  com- 
parison with  those  of  steam-engine  boilers  ;  and, 
in  setting  Iwilers  for  hot-water  apparatus,  it  there- 
fore requires  great  caution  to  prevent  an  unueces- 
sary  waste  of  fuel  by  erroneous  principles  in  con- 
structing the  furnaces. 

In  giving  some  general  instructions  on  the  sub- 
ject of  furnaces  for  hot-water  apparatus,  it  ia  not 
intended  minutely  to  describe  the  proper  furnace 
for  each  difterent  form  of  boiler  ;  but  the  plan  of 
building  the  furnaces  for  three  or  four  different 
forms  of  boilers  will  l>e  given,  and  the  application 
of  the  principles  to  other  forms  must  be  left  to  the 
diBoretion  of  those  who  erect  them. 
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(77.)  The  rate  of  combustion  of  the  fuel  in  a 
F  iurnacc  depends  very  little  upon  the  total  size  of 
the  furnace,  but  chiefly  on  the  proportionate  size 
of  the  furnace-bars,  A  furnace  which  possesses, 
for  instance,  an  area  of  12  square  feet,  would  not 
necessarily  burn  a  much  larger  quantity  of  fuel 
per  hour  than  one  that  had  only  an  area  of  eight 
square  feet,  provided  the  area  of  the  fumace-bara 
was  the  same  in  both  cases,  and  that  no  more  air 
wfts  admitted  to  the  former  than  to  the  latter. 
Bnt,  by  building  the  furnace  of  considerable  dimen- 
sions, and  with  a  moderately  small  area  of  fire- 
the  fuel  can  be  made  to  burn  for  a  much 
longer  period  without  attention  or  renewal ;  and 
I  very  important  object  for  this  description 
f  Apparatus.     For,  so  intense  a  fire  is  not  required 

1  is  the  case  with  a  steam-boiler.  A  very  small 
degree  of  attention  is  necessary  with  a  furnace  of  a 
hot-water  apparatus,  which,  when  well  constructed, 
ought  to  burn  i'or  ten  or  twelve  hours  without 
replenishing  the  fuel.* 

(78.)  In  all  cases,  a  good  and  perfectly  tight 
furnace-door  is  requisite  ;  for,  if  the  door  does 
not  (it  accurately,  a  large  quantity  of  cold  air 
enters,    and    passes    between    the    fuel    and    the 

I  bottom  of  the  boiler,  and  cools  the  boiler  to  a 
ponsiderable  extent-f  The  furnace-door  should 
Utrays  be  double; J  and  also  a  door  to  the  ash- 
Ht  should  be  used,  in  order  to  shut  oil'  the  excess 
I  •  In  Bome  Bteam- boilers,  particularly  iii  the  Cornish  boilers, 
Bfl  fuel  is  bamed  with  sion  combuelion ;  but  tlie  furnacea  and 
Hil«ra  are  very  large  iu  proportion  to  the  work  done  by  tLem, 
■od  great  ecouomy  of  fuel  reaulta  from  this  plan  of  beating 
Hum  (see  Chapter" VI,,  Pait  II). 

t  In  a  Bubseqiient  chapter,  the  combustion  of  smoke  will  be 
"sooesed,  and  it  will  then  be  shown  that  the  admission  of  air 
r  the  fiiruaiie-door  is  sometimes  desirable,  but  only 
h  particular  sta-^ea  of  tlie  combustiou. 

Let  Riimford  first  introduced  these  doable  furnaoe- 
■rbioli  many  modifications  have  been  since  adopted. 
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of  air  below  the  furnace-bars  when  the  fire  i» 
required  to  burn  slowly  for  a  great  length  of  time. 
Immediately  within  the  furnace-door  there  sliould 
be  ft  dumb-plate  ;  and  the  larger  tliis  is  the  better, 
provided  it  doea  not  project  the  furaace-bara  too 
far  back,  so  as  to  cause  the  most  active  part  of 
the  combustion  to  take  place  at  the  posterior  j)art 
of  the  furnace,  instead  of  immediately  imder  the 
boiler.  The  use  of  a  large  dumb-plate  in  front  of 
the  furnace-bars  is  to  allow  the  fuel  to  be  gradually 
coked,  by  placing  it  first  on  this  dumb-plate,  and 
then,  when  well-heated,  pushing  it  backward  upon 
the  furnace-bars,  where  it  enters  into  active  com- 
bustion, and  then  a  fresh  charge  of  fuel  is  to  be 
again  laid  on  the  dumb-plate,  in  order  to  undergo 
the  same  operation.  By  this  plan  of  coking  the 
coals  on  the  dumb-plate,  nearly  all  the  smoke  from 
the  furnace  may  Ijg  consumed;  by  whicli  a  con- 
siderable saving  of  fuel  will  be  effected,*  and  a 
great  nuisance  prevented. 

(79.)  The  size  of  the  fire-grate,  or  furnace-bars, 
must  be  regulated  by  the  ([uantity  of  pipe  or 
other  heating  surface  which  the  ajiparatus  con- 
tains. The  quantity  of  heat  given  off  by  a  cer* 
tain  extent  of  iron  pipe,  or  other  heated  surface, 
can  bo  exactly  ascertained,  and  will  be  shown  in 
the  next  chapter.  From  the  data  there  given, 
we  learn  the  quantity  of  coals  required  to  be 
burned  per  hour  in  order  to  maintain  the  re- 
quired temperature.     Having  already  given  (Art. 

•  See  Cliapter  VI.,  Part  11.,  on  the  "Comliiiation  of 
Smoke,"  where  it  is  shown  that  nearly  40  per  cent,  is  saved 
b;  the  combustion  of  the  smoke.  Thoaewlio  wish  to  lo&rnthe 
endless  forms  ivhich  may  he  given  to  Furnaces  may  see 
smeral  hiindral  different  forms  and  arrangements  described  in 
the  various  volumes  of  the  following  periodiaals,  namely  ; — ' 
Tht  Technical  tUfioiiiloi-y, —  Tlie  Jlapin-tori/  of  Aril  and  I'atttU 
Jnvfntiviu, — Tlw  Mechanics'  Afapaiini, — The  Quarlfrly  .hurtiat 
Ijf  Science, — The  Ilfporta  of  Utt  lirititJi  Scitntific  A»»ociaiion,  rfc. 
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71)  the  extent  of  boiler  surface  required  to  heat 
ft  given  quantity  of  pipe,  it  will  be  desirable 
now  to  show  the  area  of  the  furnace-bars  which 
■will  be  required.  It  has  already  been  stated 
^Art.  72)  that  the  extent   of  boiler  surikcc  ex- 

Kised  to  the  fire  may  with  advantage  be  increased 
yond  -the  dimensions  already  given ;  and  that 
economy  of  fuel  will  generally  result  from  this 
incroasod  surface.  But  the  quantity  of  fuel  that 
IB  burned  ought  not  to  be  also  increased  in  the 
same  way;  and  therefore  the  size  of  the  fumace- 
hars,  which  alone  regulates  the  quantity  of  fuel 
cousumed,  should  be  |>roportioned  rather  to  the 
quantity  of  surface  whioh  radiates  heat  into  the 
I  building,  instead  of  bearing  an  exact  ratio  to  the 
surface  of  the  boiler. 

With  ordinary  fiunace-bars,  the  spaces  for  the 
admission  of  air  mil  generally  vary  from  one- 
fourtli  to  one-third  of  the  total  area  of  the  space 
eccupied  by  tlie  furnace-bars.  In  such  cases  one 
iquure  foot  of  furnace-bars  will  be  sufficient  to 
J>um  about  10  lbs.  or  11  lbs.  of  coal  per  hoiir, 
ider  ordinary  circumstances;*  and  on  this  cal- 

•  The  con  sumption  of  fuel,  on  any  given  area  of  furnaoe- 

l%*rB,mmtt  Jejieud  upon  the  rapidity  of  tliedmugbt.    In  looo- 

flttotiTe  engines,  with  an  artiUciiil  blast  fiom  the  stoam.  the 

I  ODaiamption  of  fuel  is  itbout  KO  iLs.  from  each  square  foot  of 

I  fire-grate  per  hour.     In  some  furoaccs  the  coasumption  is  not 

noTQ  thftti  6  lbs.  per  square  foot,  or  about  ,>j  of  the  locomotive 

Bgine  furnace  ;  but  the  quantity  given  in  the  text  is  a  mean 

Mr.  Andrew  Murray  (Minutit  of  histitvtioAof  CivU  Eii- 

rt,  June,  1^44]  estimates  the  average  consumption  in 

a-engiuo  fm-naoes  at  18  lbs.  of  ooal  per  square  foot  of 

rnaoe-baTS.  and  that  150  cubic  feet  of  air  should  pass  through 

e  foniace  lor  each  pound  of  ooal  consumed  in  order  to  pro- 

Inee  pwfect  combustiou.    Taking  Dr.  Ure'a  estimated  velocity 

'f  S6  feet  per  second  as  the  average  rate  at  which  the  air 

a  UiTDUgh  a  furnace,  Mr.  Murrayestimatos  the  sizoof  the 

r  the  bridge  of  the  furnace  ought  to  be  2(1  nqaare 

«  for  each  square  foot  of  furnace-bars.     The  temperature 

■jUdrdinary  farnace  is  aBsumed  to  be  about  1000°  of  Fahren- 
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culation    the    following     Talile     has     I'cen    con- 
structed:— Table  IU. 

Area  of  Burs.  4-in,  Pipe.        3-m.  Pipe.        2-iii.  Pip«. 

71>  square  inoheu  will  supply  150  feet,  or  200  feet,  or  3CM1  teei. 
100  „  „  200     „         2«6     „         400     „ 


Thus,  suppose  there  are  600  fcet  of  pipe,  foiir 
inches  in  diameter,  in  an  api)iiratuB ;  then  the 
area  of  the  hars  should  he  300  squaro  inches,  BO 
that  14  inches  in  width  and  22  inches  in  length 
will  give  the  recjuisite  quantity  of  surface.* 
beit,  and  at  this  temperature  the  gases  passing  tliroogb  it 
would  bo  expanded  to  three  timoa  their  orginal  bulk;  and 
these  proportions  will  allow  suflicient  air  to  pass  through  tho 
farnace  to  compensate  for  that  portion  which  is  not  completely 
consumed.  Tredgold,  in  his  calcotatious,  nesuraeti  Uio  tem- 
perature of  an  average  furnace  at  800'^  Fahreulieit.  See  tisiy 
Art.  31)7  and  the  notes  appended  thereto. 

■  The  proportions  deducible  from  the  ahove  Table,  and 
those  given  Art.  71,  for  ascertaining  the  boiler- surface,  ate 
very  iMerent  from  those  generally  used  in  steam-cnf;ine  boUiirs. 
It  will  be  observed  that,  by  the  rules  hero  given,  the  area  of 
the  furnace-bars  is  about  one-sixth  of  the  area  of  the  boiler- 
Burface  exposed  to  the  ilirect  action  of  the  tire,  whereas  iu  steun 
boilurs,  the  flue  and  boiler  surfaces  conjointiy  are  usnall;  in 
proportion  to  the  surface  of  tlte  furnace  bars  as  U  to  1,  and 
eometimes  even  as  18  to  1  (Britisli  SrUntijic  Uejiurln  for  1842, 
p.  107).  When  this  latter  calculation,  however,  is  reduced  to 
the  same  standard  as  the  other,  viz..  three  fcot  of  tluo  aurf&oe 
being  equal  lo  one  foot  of  boiler  surface  exposed  to  the  radiant 
heat,  the  ditTerencc  will  not  be  near  so  great  as  it  here  appeur§. 
And  it  must  ulso  be  remarked  that  in  large  boilers  the  pro- 
norliiius  must  necessarily  differ  from  those  of  the  very  small 
boilers  required  for  a  hot-water  ajiparntus;  for  the  efTuct  of 
radiant  heat  decreases  as  the  square  of  the  distance  botwoeo 
llie  recipient  surface  and  the  hot  l>ody ;  and  therefore  it  te  very 
easy  to  see  how  a  considerable  difference  may  ari«e  betwoeo 
surfaces  placed  so  differently  in  this  respect,  as  they  aeceesatUf 
mnst  be  in  large  and  in  small  boilers, 
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When  it  is  required  to  obtain  the  greatest  heat 
in  the  shortest  time,  the  area  of  the  bars  should 
1)0  proportionably  increased,  so  that  a  larger  fire 
may  lie  produced ;  and,  on  the  contrary,  when 
the  object  is  to  obtain  slow  combustion  of  the  fuel, 
and  when  the  rapidity  with  which  the  ajiparatus 
Ijecomes  heated  is  of  little  or  no  consequence,  then 
the  area  of  the  bars  may  be  reduced.  The  best 
method,  however,  will  generally  be  found  in  using 
a  sufficiently  large  surface  of  fire-bars  for  the 
maxiinum  effect  required,  and  to  regulate  the 
draught  by  means  of  an  ash-)>it  door,  and  a 
dam[>er  in  tlie  chimney;  liy  these  means  almost 
any  required  rate  of  combustion  can  be  obtained, 
■witli  any  common  degree  of  care.* 

(80.)  When  the  size  of  the  furnace  will  allow 
of  it,  a  portion  of  brickwork  should  extend  at  the 

"  Wlien  a  rapid  draught  aad  quick  combustion  aro  required, 
the  fomace-bars  mnyvery  advantageously  be  made  very  narrow 
uid  deep,  bo  n.B  to  aUow  a  larger  proportionate  ep&ce  fur  the 
ftnlraace  of  tlie  air.  Instead,  llierefore,  of  neing  furnace-bara 
DOC  uid  a  lialf,  or  one  and  three- quarters  of  &n  inch  wide,  with 
half  an  inch  air-spaoe  between  the  bars,  they  may  be  made 
about  three^ighths,  or  half  an  inch  in  width,  and  about  four 
and  a  half  or  five  inches  deep,  taperiog  at  the  lower  edge  to 
fthout  one-eighth  of  an  inch,  and  made  with  shoulders,  as  usual, 
to  allow  about  half-inch  air-spaoea.  IJara  of  this  kind  will 
liave  many  advantages  in  particular  cases.  They  will  allow 
moro  than  twice  the  quauttty  of  air  to  past)  through  that  the 
other  bars  will  do,  and  therefore  twice  the  quantity  of  coal  can 
,tie  burned  on  each  square  foot  of  the  bars ;  and  they  will  last 
lODger  than  bars  of  the  ordinary  construction.  The  author,'  at 
latter  end  of  1342,  suggested  the  use  of  these  bars  in  loco- 
itive  engines,  which  is  the  most  severe  test  they  could  be 

lat  to,  and  the  result  proved  completely  euccessfuj.    Owing 

the  extreme  thinne»is  of  the  barn,  the  air  passing  between 

keeps  tbem  always  cool,  which  is  impossible  if  the  bars 

'astieb  exceed  this  thickness.    The  great  depth  of  the  bar  gives 

the  necessary  stiffness ;  and  the  rcsnlt  of  nearly  twelve  months' 

trial,  and  with  nearly  twenty  locomotive  engines,  was  a  very 
gtXMt  increase  in  the  durabiHty  of  the  furDaoe-hars,  in  addition 

to  the  obvious  advantage  of  admitting  much  more  air  into  the 
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back  of  the  furnace-bars,  and  level  with  the  bars, 
BO  as  to  make  a  dead-plate  behind  the  bar  as 
well  as  iu  the  front,  which  makes  the  furnace 
hold  more  fuel  without  actually  increaeing  the 
conBumption, 

{81.)  It  is  ft  matter  of  very  ^reat  importance, 
that  the  heat  should  l>e  confined  ivithin  the  fur- 
race  as  much  as  possible,  by  contracting  the 
farther  end  of  it,  at  the  part  called  the  throat,  so 
as  to  allow  only  a  small  space  for  the  smoke  and 
inflamed  gases  to  pass  out.  The  neglect  of  thiB 
causes  an  enormous  waste  of  fuel ;  for,  in  conse- 
quence of  the  shortness  of  the  flues  of  these 
boilers,  the  heated  gaseous  matter  passes  too 
readily  from  the  boiler,  and  escapes  through  the 
chimney  at  a  very  high  temperature.  The  only 
entrance  for  the  air  should  be  through  the  bars  of 
the  grate,*  and  the  heated  gaseous  matter  will 
then  pass  directly  upwards  to  the  bottom  of  the 
boiler,  and  should  be  thftre  detained  as  long  as 
possil>le  by   the  contraction  at  the  throat  of  the 

furnaco,  Some  of  tbese  bars,  after  having  been  nsed  for  tea 
mouths,  and  with  which  the  engines  ran  neatly  20.000  mUeB, 
were  Gtill  perfectly  good,  after  having  done  nearly  fonr  times 
the  work  of  ordinary  hare.  The  best  i^ize  for  tliis  purpose  is 
five  and  a  half  inches  deep  by  half  an  inch  thick,  tapered  to  ft 
quarter  of  an  inch.  In  furnaces  which  have  leas  iutenseheat 
thsu  a  locomotiveengiQe,  bars  of  four  or  four  andahalfinohes 
deep  are  quite  sufficient. 

When  tjie  old  form  of  furnace-bars  is  DEed,  aud  they  are 
required  to  bear  a  very  intense  heat,  their  diirabihty  is  iq- 
ereased  by  mnking  a  longitudinal  groove  in  the  upper  surface 
about  three-eighths  of  an  iuch  deep.  This  groove  becomes 
filled  with  ashe.'!.  which,  being  a  slow  conductor  of  heat,  pre- 
serves the  bars  from  the  intense  heat  of  the  fire. 

•  These  obaervatioDs  apply  oxelusively  to  the  email  fomaces 
aud  boilers  ussd  for  hot-water  apparatus,  and  not  to  Iarj;e 
furnaces  for  slenm-boilera,  or  for  other  purposes.  In  the 
latter,  air  may  very  advantageously  bo  introduced  at  or  near 
the  furnace-door,  or  in  many  other  ways,  as  will  be  shown  in 
the  chapter  ou  the  "  CombnatJon  of  Smoke."     Even  in  these 
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furnace;*  and  if  this  part  of  the  furnace  he  pro- 
perly constructed  (by  not  making  the  throat  too 
near  the  crown  of  the  boiler,  anil  making  it  sutfi- 
cieutly  small  in  proportion  to  the  totnl  ijuantity 
of  gaseous  matter  retiuired  to  pass  through  it),  a 
reverberatory  action  of  the  tlame  and  heated 
gases  will  take  place,  by  which  a  far  greater 
effect  will  be  produced  than  if  too  easy  an  exit 
were  allowed  into  the  Hues  and  chimney. 

(82.)     A    furnace   constructed   on  this  plan   is 
shown  in  fig.  Fia,  si. 

3I.32,and.33, 
which  is  the 
modeinwhich 
many  tbou- 
sandsoffurna- 
ces  have  been 
constructed 
and  applied  to 
the  boiler 
«hown  in  tig. 
18 ;  this  plan 
having  buen 
reconunended 
by  the  author 
many  years 
ago,  and  used 
with  the  most 
unifbnn  suc- 
cess.f     The  way   to  construct  this  furnace  is  aa 

•mall  fnroaces,  a  limited  (juanlritj  of  air  might  in  certain  »iaya 
\  t^lht  combuitiun  be  advaiitfLgeuusly  iutroduced ;  but  thia  would 
[  ZMoire  so  much  more  nttention  than  is  usually  given,  or 
I  tUlMd  reqaired.  for  an  apparatus  of  this  kind,  that  the  rule 
T  giTfto  in  the  text  will  be  fouud  most  advisable  for  ordinarj 
I  pntetice, 

•  See  also  Note  to  Artiule  71)  antf. 

f  Thia  plan  of  setting  boilers  was  first  used  by  tlie  author 
I  hi  18H0,  and  was  pubtisbed  subseijaently  by  consent,  in  the 
[  Hortieultur  '  '" 
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follows.  After  builJing  up  the  foundation  of  the 
boiler  to  the  proper  height  the  bars  are  to  be  placed 
80  that  the  fn)nt  of  the  bars  ehall  lie  even  with  the 
front  of  the  boi  ler,  and  the  upper  surface  of  the  bars 
shall  be  level  with  the  bottom  of  the  boiler.  The 
bars  will  generally  be  about  two-thirds  the  length 
of  the  boiler ;  the  remainder  of  the  length  of 
the  furnace  being  made  up  with  brickwork  be- 
yond the  bars  towards  the  back  end  of  the  boiler. 
In  fi-ont  of  the  bars  should  come  the  dead-ptate, 
about  9  inches  wide  ;  and  immediately  in  front  of 
this  dead-plate  should  come  the  furnace-door : 
tlie  bottom  of  the  fumace-door,  the  dead-plate  ' 
the  furnace- Ijars,  and  the  brickwork  beyond  the 
furnace-bars  being  all  exactly  on  the  same  level. 
The  distance  between  the  front  of  the  boiler  ond 


Fio.  82. 


Fie.  88. 


^-^^ 

BACK  VIEW. 


the  fumace-door  will,  by  this  arrangement,  be 
just  nine  inches  ;  and  this  space  is  made  up  with 
the  brickwork,  which  forms  the  general  front  of 
the  whole  furnace.  In  this  brickwork  arc  placed 
three  soot-hole  doors,  to  clean  out  the  three  fluos. 
Two  of  these  doors  are  shown  in   fig.  31  ;    the 
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other  one  is  eupposed  to  be  removed,  to  show  the 
inside    of  the    flue.     At  the  back  of   the  boiler 
are  placed  two  fire-lumps,  shown  in  fig,  32,  and 
which    are   made  to   fit    the   size   of    the   boiler. 
When  these  two  fire-himps  are  placed  as  shown 
in  fig.  32,  they  leave  an  Ojiening  between  them  of 
from  3J  to  4^  inches,  according;  to  the  size  of  the 
^boiler.      This  opening  should  come,  as  nearly  as 
Bay  be,   to   the  centre  of  the  arch  of  the  boiler ; 
md  it  is  the  only  passage  for  the  flame  and  smoke 
I  escape  into  the  flues,  which  here  divide  to  the 
feight  and  left  hand,  passing  along  the  sides  of  the 
oiler,  and  following  the  direction  of  the  arrows, 
Bg.  31.     Two  cast-iron  plates  are  built  into  the 
Vickwork,  in  the  position  shown  by  g.  fig.  31,  to 
^Uvide  the  lower  from  the  upper  flue.     These  flue- 
elates  do  not  corae  to  the  front  of  the  boiler  by 
from  four  to  five  inches,  thus  leaving  a  passage 
from  the  lower  into  the  upper  flue,  and  from  the 
latter  into  the  chimney.     The  whole  of  these  flues, 
of  which  there  is  one  on  each  side  of  the  boiler, 
and  one  on  the  top,  arc  to  be  made  as  deep  as  ever 
boiler  will  allow,   and  the  brickwork  should 
nd  ofl'  from  the  boiler  about  4^  inches,  forming 
be  Ktdlh  of  the  flues.     By  this  arrangement  it  will 
i  perceived,  that  nearly  the  power  of  a  reverbera- 
6ry  furnace  is  obtained.      The  upper  fire-lump, 
BOwn  in  fig.  32,  partly  stops  the  flame,  and  retains 
t  as  long  ai  possible  in  contact  with  the  inner  arch 
"  the  boiler ;    and  on  this  maiidy  depends   the 
nomy  and  efficiency  of  this  plan  of  setting  these 
toilers.     The  flame  and  smoke  then  pass  between 
be  two  fire-lumps,  dividing  right  and  left  into  the 
wo  lower  flues,  and  then  in  the  direction  of  the 
,  fig.  31,  into  the  two  upper  flues,  and  from 
thence   passing   into    the  top  flue  of  the   boiler, 
which    latter    should   be   nearly    as    large   as  the 
,. other  two  together.     A  damper  must  be  placed 
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in  the  chimney  in  such  ft  jinsitlon  as  to  be  easily 
got  at. 

(83.)  This  plan  of  setting  arched  boilers  is  per- 
fectly available  for  all  boilers,  from  eighteen  incbei 
long  up  to  about  six  feet  long  ;  for  boilers  beyond 
that  length,  it  is  advisable  somewhat  to  modify  the 
plan.  Ijy  jilacing  a  fire-lump  unlhin  the  inner  arch, 
so  as  to  form  a  bridge,  which  bridge  should  be 
formed  to  fit  the  arch  of  the  boiler,  but  lea^Tng 
a  space  of  about  five  inches  in  depth,  and  the  width 
of  the  arch,  between  the  crown  of  the  arch  and  the 
top  of  the  fire-lump.  When  this  bridge  is  used» 
the  bottom  fire -lump,  alrea^ly  descrilwd,  is  not 
required.  This  latter  mode  of  setting  is  only 
suitable  for  such  boilers  as  are  six  feet  long  and 
upwards.  In  this  case  the  bridge  is  beat  placed  at 
the  distance  of  about  five  feet  from  the  front  end 
of  the  boiler. 

(84.)  The  boiler,  fig.  22  and  23,  requires  nearly 
the  same  arrangement  ;  but  in  this  boiler  the 
aperture  for  the  escape  of  the  flame  and  smoke  is 
generally  made  a  ])art  of  the  boiler  itself.  This 
opening  is  also  somewhat  lower  down  towards 
the  level  of  the  furnace-bars,  and  the  boiler  being 
circular,  the  flue  generally  winds  round  the  boiler, 
instead  of  passing  separately  on  the  right  hand 
and  on  the  left.  The  boiler,  fig.  21,  may  be  set  in 
the  same  kind  of  furnace  as  the  l>oiler,  tig.  18.  If 
the  two  legs  or  protuberances  at  the  bottom  be. 
very  short  and  close  together,  the  tire  may  be 
made  to  act  upon  the  whole  under-side  of  the 
Iroiler  (the  bars  being  tixed  at  some  distance 
below),  and  the  flame  returned  through  a  flue 
along  the  top. 

(85.)  The  boiler,  fig.  20,  may  be  set  in  two 
different  ways.  When  the  inside  tube  is  suffi- 
ciently large,  it  is  best  to  place  the  fire  inside 
this  lube,  the  fumace-bors  being  placed  at  oboat 
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Fig.  33*. 


-  third  the  diameter  of  the  tube  from  the 
lottom.  In  this  case  the  action  of  the  furnace 
Bmea  very  similar  to  that  already  described 
i  boiler,  fig.  18 ;  except  that  the  water-way 
9  continued  Ijelow  as  well  as  above  the  fire.  The 
■oat  of  the  furnace  must  he  contracted,  as 
idy  described  for  fig.  18;  hut  in  this  case  the 
5  must  first  pass  directly  under  the  boiler,  and 
nen  pass  aloncr  the  two  sides  and  top. 

When  this  boiler,  fig.  20,  is  very  small,  the  fire 
bust  be  made  entirely  below  the  boiler;  and  the 
is  then  best  made  of  an  oval  or  flattened 
lape,  both  externally  and  in  the  tube.  The 
,  in  this  case,  passes  from  the  surface  below, 
t  through  the  tube,  and  then  returns  over  the 
)  of  the  boiler,  and  from  thence  the  heated  gases 
ape  into  the  chimney.  Or  still  another  plan 
may  he  used,  by  making 
tlie  fire  act  first  on  the 
lottom  of  the  boiler,  then 
bturn  to  the  front  throuf^'h 
Be  central  flue,  and  tben 
■vide  right  and  left  on  the 
BtBide  of  the  boiler,  and 
I  on  to  the  chimney  as  in  l-'c: 
'.  33a.  l~- 

Tlie    boiler,    fig.    24,    as    originally    con- 
noted,   had    no   external    flue.     It   was    chiefly 
for  very  small   apparatus,  and  it  possessed 
advantage,    when   a  very  slow  draught   was 
(somewhat    similar   to    that  of  the  Arnott's 
iVes),  of  holding  sufficient  fuel  to  allow  of  the 
burning  for   a   long  time  without  attention, 
:h    is    generally   difficult   to  accomplish    with 
Bmall    boilers.     The   ingenious   inventor    of 
boiler    (Mr.    Rogers)    preferred     this    plan, 
gh  many  new  modifications  of  the  boiler  liave 
I  introduced.     It  is  now  frequently  used  with 
u  2 
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an  external  flue.  The  temperature  of  this  boiler 
is  somewhat  more  difficult  to  regulate  than  that 
of  the  arched  boiler;  as  the  more  the  fuel  bums 
away,  the  greater  the  heat  becomes,  in  consequence 
of  a  larger  surface  of  the  boiler  being  then  ex- 
posed to  the  radiant  heat,  and  also  because  the 
fuel  burns  quicker,  in  consequence  of  the  air  meet- 
ing less  obstruction  in  passing  through  it.  In  this 
case,  the  greatest  heat  is  produced  when  about 
two-thirds  of  the  fuel  baa  burnt  away.  When 
the  boiler  has  an  external  flue,  the  best  mode  of 
setting  is  to  make  the  flue  proceed  from  opcniDgs 
of  about  three  inches  by  six  inches,  left  at  the 
bottom  of  the  boiler,  and  leaving  a  free  space  for 
the  flue,  around  the  Ijoiler,  of  two  and  a  half  or 
three  inches,  or  thereabouts.  The  draught  of  air 
meeting  less  obstruction  in  passing  through  the 
external  flue  than  by  passing  through  the  large 
body  of  fuel  contained  in  the  body  of  the  boiler, 
the  whole  exter- 
Fio.  34.  Fie,  35,        nal     surface    be- 

comes available 
for  receiving  heat 
from  the  (ire,  in* 
stead  of  being 
entirely  useless, 
as  in  the  other 
mode  of  setting. 
Of  course,  the 
same  sized  boiler 
will  by  this  ar- 
rangement heat  a 
larger  quantity  of  pipe.  Figs.  34  and  35  show 
this  mode  of  setting  these  boilers.  These  boilers, 
however,  will,  under  any  form,  expose  hut  little 
surface  to  the  radiant  heat  of  the  fire,  and  tiie 
external  surface  will  scarcely  exceed  the  flue  sur- 
face of  the  arch-boiler,  in  its  power  of  absorbinjf 
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beat.  This  flue  suHa^,  xre  have  already  seen, 
ooly  possesses  ooe-thini  the  abscH^nt  power 
which  Uiose  surfaces  have  that  are  expo&ed  to  the 
direct  nctioa  of  the  radiant  heat.  The  fire  of  this 
boiler,    however,  is    not  difficult  to  manage,  and 

us  with  but  tittle  attention. 

,  (87.)  In  the  boiler,  fijr.  26,  there  is  necessarily 

i  considerable  waste   of  fuel,  in   coosequence  of 

:  flame  escaping  immediately  into  the  chimney 

*  out  passing  through  auy  flues, — tbia  form  of 

iler  not  admitting  of  any  kind  of  fines  being 

The  flame  passes  between  the  several  pipes 

hich  form  the  boiler,  and  of  course  can  only  act 

wn  iheir  under  side.     If  the  draught  be  rapid, 

J  vacumn  must  be  formed  on  the  upper  sides 

f  the  pipes,  the  flame  passing  in  straight  lines  up- 

F^rds  ;  and,  therefore,  a  loss  of  heat  by  radiation 

tiuld  take  place  from  the  upper  side  of  the  pipes 

liich  form  this  boiler.    The  boiler,  however,  beats 

■pidly,  as  the  consumption  of  fuel  in  the  furnace, 

jring  to  the  rapid  draught,  i.s  v^ry  considerable. 

|(88.)  The  advantage  of  making  the  furnace  to 

ntain  a  large  quantity  of  fuel  has  already  been 

mentioned.      But,  independent  of  the  smaller  de- 
gree of  attention  required,  when  sufficient  fuel  to 
last  for  many  hours  is  supplied  at  once,  it  is  found 
^  ictically  that  great  economy  results  from  this 
From  experiments  made  on  this  subject, 
steam-engine   furnaces,  it   appears    that  the 
sed  consumption  of  fuel  always  bears  a  direct 
bportion    to    the   frequency   with    which    it    is 
^plied  to  the  furnace  ;  and  that  in  the  experi- 
nts  in  question  the  greatest  economy  resulted 
the  fuel  was  supplied  only  once    a    day.* 

*  Mr.  Joaiah  Parkes  on  "  The  Evaporation  of  Water  from 

a-Boilers,"  in  tbe  Traiuaetiann  of  ili*  IiMiiitiion  «/  Ciril 

"  for  183N     This  result,  however,  waa  obtniued  by 

MoliAT  kind  of  furnace,  in  whioh  air  waa  admitted  at  the 

e  a«  well  as  through  the  fire-bAra. 
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When  this  plan  is  followed,  the  combustion  is  less 
intense  than  with  more  frequent  firing  ;  and, 
therefore,  a  larger  boiler  surface  is  always  required. 
Care  also  should  be  taken  to  prevent  the  ingress  of 
an  undue  quantity  of  air  through  the  ash-pit,  when 
the  fuel  burns  away  and  the  furnace-bars  thus  be- 
come unequally  covered  ;  for,  in  this  case,  a  large 
quantity  of  cold  air  will  rush  in  and  cool  the  boiler. 

(89.)  The  rate  of  combustion  materially  de- 
pends u|>on  the  thickness  of  fuel  on  the  furnace- 
bars,  aud  on  its  compact  or  open  state,  as  illus- 
trated in  the  two  cases  of  small  coal  and  of  large 
well-burned  coke.  The  quantity  of  air  passing 
through  tlie  fire-grate  or  bars  must  be  very  diiferent 
in  these  two  cases,  and  the  combustion  wholly 
depends  upon  tiie  quantity  of  air  admitted  to  the 
fuel.  For  unless  a  sufficient  quantity  of  air  be 
admitted  to  convert  the  whole  of  the  carbon  into  car- 
bonic acid  gas,  it  will  escape  in  the  form  of  carbonic 
oxide,  and  a  loss  of  etfect  will  thereby  arise  (see 
Chap.  VI.,  Part  II.,  on  the  Combusion  of  Smoke). 

(EJO.)  The  greatest  economy  of  fuel  is  produced 
when  the  fires  are  kept  thin  and  bright  ;  the  coal 
well  coked,  by  means  of  a  large  dumb-plate  in 
the  front  of  the  furnace,  and  the  damper  kept  as 
close  as  possible  consistent  with  allowing  a  suffi- 
cient draught.  The  Cornish  engines,  so  cele- 
brated for  tlieir  economy  of  fuel,  are  thus  worked. 
The  thinner  the  tire,  the  less  is  the  probability  of 
the  formation  of  carbonic  oxide,  which  always 
causes  a  loss  of  heat.  When  thick  tires  are 
used,  this  loss  is  frequently  very  considerable, 
unless  (as  in  Mr.  I'arkes's  experiments  already 
mentioned)  air  is  supplied  above  the  fuel  as  well 
as  through  the  furnace-bars.*     In  the  small   fur- 


*  Id  boomotive  engines,  the  firea  are&eqaentlyaa  maolias 
17  inobeB  thick ;  and  the  quantity  of  carbouic  oiide  formed  in 
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nace  of  a.  hot  water  apparatus,  it  is  frequently 
difficult,  if  not  impossible,  to  adopt  this  plan  of 
using  a  dumb-plate  sufficiently  large  to  coke  the 
whole  of  the  fuel  which  is  used  ;  but  the  principle 
should  l>e  borne  in  mind  in  all  caees,  and  applied 
OS  far  as  circumstances  will  permit.  The  theory 
of  combustion  will  be  given  in  the  chapter  on  the 
Combustion  of  Smoke. 

(91.)  It  may,  perhaps,  not  be  amiss  here  to  give 
some  rules  for  the  proper  size  of  chimneys.  \'ery 
elaborate  rules  have  l)een  given  for  this  purpose 
by  different  authors,  and  the  most  extraordinary 
differences  exist  between  them ;  their  calculations 
giving  results  totally  at  variance  with  each  other. 
But  ^le  practical  rules  are  very  simple.  Mr.  Mur- 
ray *  estimates  the  area  of  the  chimney  should  l>e 
about  18  square  inches  for  a  boiler  consuming 
12  lbs.  of  coal  ])er  hour.  Mr.  Armstrong  estimates 
the  area  at  20  .square  inches  for  the  same  consump- 
tion of  coal.t  Tredgold'sJ  calculations  give  an 
area  of  about  14  8t|uare  inches  for  the  same  quan- 
tity of  coal  consumed  per  hour,  when  the  boUer 
is  worked  at  a  low  temperature,  and  very  con- 
siderably less  than  this  ivhen  the  temperature  is 
high.     Some  of  these  calculations,  however,  are 

eonseijaeiice  of  this  great  tliickoess  la  very  considerable,  and 
the  loss  of  heat  enormous.  Tlie  thinner  the  fire,  the  mors 
perfect  mast  be  the  combnstion.  Carbonic  oiide  is  formed  by 
tha  oftrbonic  aaid,  (which  is  the  result  of  perfect  combustion), 
pisBuig  through  the  red-hot  coke,  by  which  it  imbibes  an 
additional  qaantity  of  carbon,  and  is  converted  into  vubonic 
oxide.  On  all  tlie  carbonic  acid  that  undergoes  this  change 
there  arises  a  loss  of  one-half  the  heat  derived  from  its  ori- 
ginal conversion  The  various  methods  of  admitting  air  at  the 
bridge,  and  at  other  places  above  the  fuel,  are  all  intended  to 
obviate  this  loss ;  re-converting  the  carbonic  oxide  into  car- 
boms  acid,  by  supplying  it  with  an  additional  dose  of  oxygen. 

•  Minaux  of  Imlitulion  of  CicU  J-^iiijineen,  June,  164i, 

f  Armstrong  on  "  titeam- boilers,"  p.  60. 

;  Tredgold  on  "  Warming  and  Ventilating,"  &o.,  p.  114. 
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for  much  higher  chimneys  than  are  ever  used  for 
the  purpose  that  we  are  here  considering,  and  the 
lower  the  chimney  the  larger  the  area  ought  to  be. 
But,  from  what  has  been  stated,  sufficient  may  be 
gathered  to  estimate  the  size  of  chimneys  for  such 
common  purposes  as  are  here  supposed  to  be 
required.* 

*  Those  who  wish  to  inyestigate  this  suhjeot  farther  may 
refer  to  FecleVs  Traitedela  Chaleur^-p.  79,  et  seq.;  Wyman  "On 
Ventilation,"  &o.,  p.  392,  et  seq. ;  Sylvester  " On  Chimneys;" 
Rees'  "EncyclopaBdia,  and  Annals  of  Philosophy,"  Ac; 
Gilbert  **  On  Ventilation,"  &c. ;  Quarterly  Journal  of  Science 
for  1822;  and  Tredgold  *'0n  Warming  and  Ventilating," 
p.  114,  et  seq, ;  and  Dr.  Ure,  Phil.  Transactions^  1886. 
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ESTIMATE   OF   THE   HEATIXG  SURFACES  HEQUIRED 
TO   WARM   ANY   DESCRIPTION   OF    BUILDINGS. 

Hent  by  Gombuation^Qaantiiy  of  Heat  from  Coal — Specific 
Heat  of  Air  and  Water— Measure  of  Effect  for  Heated  Iron 
Pipe — Cooling  Power  of  CtUss — Effect  of  Vapour  —  Quantity 
of  Pipe  required  to  warm  a  given  Space — Time  required  to 
heat  a.  Boildiog — Facile  Mode  of  calculating  the  Quantity 
of  Pipe  required  iu  any  Building — Quantity  of  Coal  con- 
snioed. 

(92.)  Hating  in  the  preceding  chapters  investi- 
gated the  fundamental  principles  of  the  hot-water 
apparatus,  we  proceed  to  consider  some  particulars 
which  are  necessary  to  lie  known  in  order  to  apply 
the  preceding  remarks,  and  correctly  to  apportion 
the  various  parts  of  the  ajiimratus,  and  calculate 
the  effects  which  will  be  produced  under  various 
circumstances. 

Very  erroneous  notions  are  entertained  by  many 

persons  as  to  the  absolute  quantity  of  Jieiit  con- 

[_taiDed  in  different  substances.     This  subject  has 

ady  l>een  mentioned;  and,  in  tlie  present  chap- 

I  we  shall  have  occasion  to  a|»ply  this  law  of 

eific  heat  in  several  important  calctdations. 

(93.)  It  will,  liowever,  be  desirable  first  to  ascer- 

the  ([uantity  of  heat  which  can  !je  obtained 

r  the  decomposition  of  combustible  materials  by 

Ifirc;    for  in  this  also,   it  may  be  observed,  very 

errcBieous  notions  prevail.     The  quantity  of  heat 

I  obtainable  by  the  combustion  of  any  substance  i 
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not  aa  many  persons  appear  to  consider,  illimitable, 
but  it  is  as  fixed  imd  determinate  as  any  other  of 
the  laws  of  heat.  The  amount  of  heat  by  com- 
bustion de}>ends  on  the  chemical  composition  of 
the  particular  substance  ;  but  although  this  heat 
may  be  either  wasted  or  advantageously  applied, 
according  as  the  apparatus  used  for  its  combustion 
is  imperfect  or  otherwise,  still  it  must  be  remem- 
bered there  is  a  maximum  effect,  which  has  been 
accurately  ascertained,  and  which  cannot  be  ex- 
ceeded in  any  form  of  apparatus  ;  though  in  no 
apparatus  yet  invented  has  it  been  possible  abso- 
lutely to  render  available  the  whole  of  this  heat. 

Although  every  kind  of  fuel  difl'era  in  the  quan< 
tity  of  heat  that  it  affords,  it  is  unnecessary  here 
to  inquire  into  any  other  than  the  ordinary  de- 
scriptions used  for  purposes  similar  to  that  we  are 
now  considering.  The  calculations,  therefore,  will 
be  made  with  reference  only  to  coal  and  coke  of 
ordinary  and  average  qualities. 

(94.)  It  is  stated  by  Watt  that  one  pound  of 
coal  will  raise  the  temperature  of  45  1I>8.  of  water 
from  55"  to  212°.  Rumford  states  the  same  quan- 
tity of  coal  will  raise  36io  lbs.  of  water  from  32"  to 
212";  and  Dr.  Black  has  estimated  tliat  one  pound 
of  coal  will  make  48  lbs.  of  water  boil,  supposing 
it  previously  to  be  at  a  mean  temperature.  These 
quantities,  when  reduced  to  a  common  standard, 
vary  but  little  from  each  other.  Watt's  experi- 
ment, of  45  lbs.  of  water  being  beiited  from  55"  to 
212",  is  equal  to  39^  lbs.  only,  if  heated  from  32" 
to  212"  ;  and  this  nearly  agrees  with  Count  Rum* 
ford's  calculation  ;  at  least,  tlw.  variation  is  not 
more  than  might  he  expected  from  a  slight  dif- 
ference ill  tlie  quality  of  the  coal.  Dr.  Black's 
estimate  is  as  much  in  e.\ces3  over  the  experimuDts 
oi'  Watt  as  Rumford's  is  in  defect ;  we  may,  there- 
fore, take  the  average  of  these  three  expcrii 
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which  will  give  us  a  result,  that  39  Iljs.  of  water  may 
be  heated  from  32"  to  212"  by  one  pound  of  coal. 
(95.)  The  results  of  later  experiments  show 
it,  as  an  average  effect,  the  above  calculations 
very  accurate,  when  practically  applied  on  a 
large  scale.  Mr.  Parkes*  found  that  the  greatest 
effect  he  could  produce,  by  his  improved  mode  of 
tiring,  was  103  lbs.  of  water  at  the  temperature 
of  212"  evaporated  by  one  pound  of  coal  ;  and 
that,  by  the  ordinary  methods  of  tiring,  the 
average  obtdned  is  only  7'5  lbs.  of  water  of  the 
like  temperature  evaporated  by  one  pound  of 
coal.  The  first  of  these  is  equal  to  57"2  lbs.  of 
water  heated  from  32°  to  212"  by  one  pound  of 
coal ;  and  the  lattei'  is  equal  to  41'6  lbs.  of  water 
heated  to  the  like  extent,  and  which  very  nearly 
agrees  with  the  ex}>eriments  of  Watt,  Rumford 
and  Black.  In  the  Cornish  engines,  however,  a 
much  higher  result  is  obtained.  Mr.  Parkes  has 
given  the  results  obtained  in  the  "  United  Mines," 
during  eight  months,  from  which  it  appears  the 
greate.st  evaporation  is  15'3  lbs.,  and  the  average 
quantity  11'8  lbs.  of  water  evaporateti  from  the 
temperature  of  212°  by  one  pound  of  coal.  The 
former  of  these  gives  85  lbs.,  and  the  latter 
(15^  lbs.  of  water,  raised  from  32°  to  212°  by  one 
jjound  of  coal ;  which  results  appear  to  be  the 
highest  that  are  practically  attainable,  and  are 
very  much  greater  than  can  be  produced  with  any 
'^"ler  boilers,  or  qualities  of  coal,  than  those  with 
'  ;h  the  experiments  were  made.  In  all  the 
uent  calculations,  therefore,  the  average  of 

!  Hr.  P&rlcea  "  On  the  Evaporation  of  Water  from  Steam- 

Elara,"  in  tlie  Traiiaactioiix  of  the  Imtiiulian  of  Civil  Kn-ji- 

Bten,  IS^tJ;  and  these  lesultB  very  nearly  agree  with  the 
rcf  alts  Arrived  at  hy  Mr.  Herepatb  from  purely  physical  calcii- 
lalioDS.  (Rereputh's  Matlieniatical  I'hijsics,  vol.  i.,  p.  SCI.) 
Sm  also  note  to  Art,  71,  ante. 
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the  experiments  of  Watt,  Rumford,  and  Black 
will  be  adhered  to,  as  being  the  most  correct  for 
ordinary  practice ;  and  we  shall  shortly  have 
occasion  to  apply  them,  in  elucidating  that  ))ranch 
of  the  subject  which  is  included  in  the  present 
chapter. 

(96.)  In  oilier  to  ascertain  the  effect  that  a 
certain  quantity  of  hot  water  will  produce  in 
warming  the  air  of  a  room,  there  appears  to  be  no 
better  method  than  that  of  computing  from  the 
specific  heat  of  gases  compared  with  water. 

(97.)  Every  substance,  it  is  well  known,  has  its 
own  peculiar  specific  beat :  that  is,  a  given  weight, 
or  volume,  oi'  any  particular  substance  at  a  certain 
temperature,  contains  a  definite  amount  of  heat, 
which,  if  imparted  to  any  other  substance,  will 
pi-oduce  upon  this  last  a  certain  known  eflect, 
though  it  will  be  difl'erent  for  every  different  body 
or  substance.  Now,  it  ia  ascertained  that  one 
cubic  foot  of  water,  by  losing  one  degree  of  its 
heat,  will  raise  the  temperature  of  2990  cubic  feet 
of  air,  the  like  extent  of  one  degree ;  and  by 
losing  10°  of  its  heat,  it  will  raise  the  temperature 
of  2990  cul)ic  feet  of  air  10"  or  29,900  cubic  feet 
one  degree,  and  so  on.* 

(98.)  But  this  calculation  regards  only  the 
ultimate  effect  which  will    be  produced,  without 

*  The  specific  heat  of  opial  leriglits  of  water  and  air,  b;  tlie 
experimeats  of  BerHrd  atid  DeUroche,  is  fottcd  to  be  as  1  to 
'26(1(19  ;  bat  a,»  tlie  volume  r<r  balk  of  an  equal  weight  of  Atma- 
Bpheno  ftir  i8  to  water  as  W27-4:17  to  1 ,  we  shall  have  -aOttaS : 
1  :  :  8ii7-437=3102,  which  is  the  number  of  cubic  feet  of  air 
that  has  the  same  specific  heat  as  oue  cubic  foot  of  water. 
This,  bowever,  appears  to  be  rather  too  high  a  calculation ;  for 
Dr.  Apjohn.  in  a  memoir  recently  published  (Heyt.  Brit,  Sti, 
.■iMric,  vol,  iv.).  gives  the  result  of  a  now  mod«of  determining 
the  speoiiic  heat  of  permanently  elastic  ilniils.  by  which  ha 
makes  thu  speoifl)]  htiat  of  atmospheric  iiir  'U7I>7  when  that  of 
Witer  is  represented  by  niiity.  Therefore  -2707  :  1  : :  827-487 
=2d'J0,  which  is  the  Dumber  given  in  the  text. 
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reference  to  the  time  which  will  be  required  to 
obtain  the  result.  To  ascertain  the  time  that  is 
required  to  heat  the  air,  which  is  a  most  essential 
element  in  every  calculation  connected  with  the 
Bubject  under  consideration,  recourse  must  be  had 
to  direct  experiments  ;  for  the  rat^  at  which  a 
given  quantity  of  hot  water  will  impart  its  heat  to 
the  surrounding  air  depends  upon  the  nature  and 
extent  of  surface  of  the  body  which  contains  it,  as 
well  aa  upon  the  degree  of  motion  which  the  air 
possesses.  The  eti'ect  of  the  velocity  of  the  air, 
however,  is  not  necessary  here  to  be  considered, 
as  it  is  only  to  a  still  atmosphere  in  a  building 
that  these  calculations  arti  to  be  applied.  But  as 
the  radiating  and  conducting  powers  of  different 
BQbstances  vary  considerably,  it  is  necessary  to 
make  experiments  with  the  same  substance  or 
material  as  the  pipes  for  which  we  wish  to  estimate 
tiie  effect,  before  we  can  arrive  at  any  conclusions 
as  to  tlie  quantity  of  heated  surface  that  mil  be 
required  to  produce  any  desired  temperature  in  a 
building. 

(99.)  From    experiments    made    to    determine 

this  question,  it  appears  that  the  water  contained 

in  an  iron  pipe  of  four  inches  diameter  internally, 

d  four  and  a  half  inches  externally,  loses  "851 

a  degree  of  heat  per  minute,  when  the  excess 

its  temperatm-e  is  125"  above  that  of  the  cir* 

jomambient  air.     Therefore  (by  Art,  97)  one  foot 

length  of  pipe  four  inches  diameter  will  heat 

li  cubic  feet  of  air  one  degree  per  minute,  when 

le  diiFcrence  between  the  temperature  of  the  pipe 

id  the  air  is  125°.* 

*  From  the  data  givea  in  Art.  270,  Chap.  XHI.,  it  appears 
«t  171-875  cubic  inches  of  water,  exposed  to  the  cooling 
tfluenee  of  the  air  ly  287-177  siiuwe  inches  of  surfaoo  of 
ut  Iron,  loaiM  -8  of  a  degree  of  Pahrenlieit  per  minute  when 

^11  70'  colder  than  the  pipe :  therefore— =5 —  =  1'2C5 
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This  calculation  will  serve  as  the  basiB  by 
which  we  may  estimate  the  quantity  of  heating 
surface  for  any  building.  But  before  we  can 
apply  it  practically,  we  must  know  what  quantity 
of  heat  the  building  will  lose  per  minute,  by  the 
cooling  power  of  the  glass,  by  ventilation,  radia- 
tion, and  all  other  causes  which  may  tend  to 
lower  its  temperature ;  for  on  these  several  causes 
must  obviously  depend  the  quantity  oi  heat  that 
is  required  to  be  added  to  it  by  the  warming 
ajiparatus. 

(100.)  The  quantity  nf  air  required  for  ventila- 
tion, and  the  method  of  ventilating  buildings,  are 
considered  in  subsequent  chapters  (Chapters  III. 
and  IV.,  Part  II).  It  is  unnecessary,  therefore, 
in  this  place  to  pursue  the  subject  further  than  to 
state  that,  in  large  buildings  and  rooms  of  dwell- 
ing-houses, a  quantity  of  air  equal  to  from  three 
and  a  half  to  five  cubic  feet  for  each  individual 
the  room  contains  must  be  changed  ]»cr  minute, 
in  order  to  preserve  the  wholesomeness  and  purity 
of  the  atmosphere,* 

will  be  the  loss  of  heat  per  minute  wlton  the  temperature  of 
the  pipe  ia  125"  above  that  of  the  air.  But  this  i]tiaiitit;^  or 
water,  if  exposed  in  a  pipe  of  four  inches  diameter  inside,, 
and  four  and  a  half  inches  outside,  will  only  be  Huirouuded 
by  193-4i)5  sqaars  inches   of  radiating    surface;    therefore 

193-435X1-265       „^_      -n  v    n.    i         ru     .  ■     ,    i_ 

2QJ.I-J-J —  =  -BSr,  will  be  the  loss  of  heat  per  miaute  by 

a  four-inch  pipe,  when  the  excess  of  temperature  is  125'  aboT» 
the  circiimambient  air.  As  all  pipes  arra  tecbnioally  known 
by  their  internal  diameter,  this  mode  of  measuring  is  hert 
used,  although  the  external  measurement  would  be  s  moro 
correct  definition  for  these  calculations. 

*  This  estimate  is  given  for  ordinary  buildings.  In  tbfl 
Houses  of  Farliaoient.  and  in  some  other  buildings,  where 
expense  ia  of  no  consideration,  a  much  larger  quantity  of  air 
hud  been  introduced  for  ventilation  very  ben  e  tic  tally ;  and 
when  the  cost  of  the  apparatus  is  unimportant,  it  may  be 
assumed  that  the  larger  the  quantity  of  fresh  uJr  iutrodueed, 
the  greater  will  be  the  comfort  and  salubrity.     In  Chap.  Jr., 


I  (101.)  Tkkatf  faeit  is  alliHiiUii^lMvii^ 
r  ^Hft  we  dull  find  ID  be  Toy 
It  ■lyri  by  esperineat*  ihat 
eaqanv  feoc  of  ^am  viD  eool  1-379  cafaie  <hc 
»  BSDj  de^jees  per  annate  as  tbe  iBSersal 
tanptnOire  of  tbe  rcnoi  exceeds  the  tempeniaie 
of  the  external  air;  that  is,  if  tbe  cUffereoce 
bedreen  the  intonal  and  the  extemai  tempenroR' 
of  the  room  be  30",  thai  1-279  cubic  fret  of  air 
will  be  cooled  SV  by  rath  square  fooC  of  glass,  or, 
more  correctly,  as  modi  heat  as  is  o^ual  to  this 
will  be  giren  off  by  each  square  foot  o{  glass  ; 
for,  in  rcalitv,  a  vtry  mnch  larger  quantitr  of 
air  will  be  averted  by  the-  glass,  but  it  iriA  be 
cooled  to  a  less  extent.  The  real  loss  of  heat 
fhrni  tbe  room  will  therefore  be  what  is  here 
^Otated. 

>  (10a!-)  Bat  thoagh  this  anioimt  is  only  calco- 
'  for  a  slill  atmosjihere.  as  intense  cold  is 
dom  or  ne\-er  accompanied  with  high  winds,f 
I  additional  allowance  needs  be  made  for  this 
le,  |irorided  we  estimate  siiflicieiitly  low  for 
s  external  temi>erature.  For  the  highest  winds 
!  generally  about  March  and  September,  and 
!  average  tem|>eratnre   of  the   former  month   is 

1  2,  vliere  the  Teatil&tioii  of  public  biiUdiugs  is  oonsiderwl, 
KirtU  be  obserred  that  twelve  teel  per  minnts  is  ftasumed  Ka 
I  minimum  quantity  for  eaoli  persou ;  luid  »a  »  gouoral 
e  it  may  be  stated  that  the  more  people  who  aro  crowdod 
p  a  given  space  the  larger  should  be  the  supply  of  air  to 
ill  icdiTldaal. 
I  •  Eiperimeuts  on  Cooling."  Art,  :i71. 
I  f  That  iotense  cold  is  rarely  accompanied  by  high  winds  is 
latter  of  common  experience.  The  obUquity  of  the  sun's 
ns  OD  the  bibber  latitudes  of  the  northern  hcniispherc, 
a  seat  the  time  of  tbe  winter  soUtlcQ,  prevents  the  atmo- 
ire  of  those  places  which  are  distant  from  the  tropica  from 
eiving  any  considerable  quantity  of  boat;  and,  therofors, 
^1  air  being  oil  of  nearly  equal  density,  there  ia  but  littla 
■adeaoy  to  aerial  currents  in  the  lower  strata. 
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46°,  and  the  latter  59^".  The  greatest  diurnal 
variation  of  the  thermometer  is  20"  in  March, 
and  18"  in  September  ;  en  that  the  average  tem- 
perature of  the  nights  will  be  36°  in  March,  and 
50°  in  September.*  But  we  shall  presently  find 
(Art.  106)  that  when  the  external  atmosphere  is 
at  36",  the  quantity  of  pipe  required  to  warm  a 
building  to  65°  is  only  about  one-half  of  what 
would  be  necessary  were  the  external  air  at  10°. 
Therefore  in  calculating  the  quantity  of  pipe  to 
warm  buildings  used  during  the  night,  we  should 
estimate  that  the  external  temi>erature  may  fall  as 
low  10°  Fahrenheit.  Or  if  the  building  is  required 
to  be  warmed  during  the  daytime  only,  we  may 
estimate  the  external  temperature  may  fall  as  low 
25°  Fahrenheit.  If  we  adopt  these  as  the  external 
temperatures  we  shall  find  that  generally  no  further 
allowance  needs  be  made  for  the  eftect  of  high 
winds  ;  because  such  Iiigh  winds  only  occur  when 
the  external  air  is  much  above  these  limits,  and 
therefore  the  quantity  of  pipe  calculated  by  these 
rules,  will  be  correct  both  for  cases  of  extreme  cold 
and  also  for  cases  of  very  high  winds;  which  two 
conditions  as  already  stated,  never  occur  simul- 
taneously.f 

■  These  temperatureB  are  for  the  neighlioiirhood  of  London. 
In  March.  1837,  the  nicht  temperature,  obtained  by  t,  reKtster 
thermometer,  only  averaged  31-1°,  which  is  nearly  6°  lower 
than  has  been  Imown  for  many  years.  Mr.  L.  Howard,  in  his 
"Climate  of  Loadoo,''  states  that  the  average  temperatnre, 
ascertEUned  by  observation  for  ten  yeurs,  is  aa  follows ; — 


Uarch  . 


[Mean  highest  temperatare  ■  47'81''  48-46* 

IMean  lowest  temperature    *  87'8!2°  84-67° 

(Mean  highest  temperature  .  (i5-Sl*  05-58' 

iMean  lowest  temperature    .  6246°  47'03' 

t  By  reckoning  the  external  air  at  the  aiiove  temporatures, 

the  wind  may  have  a  velocity  of  from  twenty  to  thirty  mil«8 

1  hour,  without  producing  any  diaiinntion  of  the  internal 
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But  in  such  situaliona  as  nre  very  much  ex)>osed 
>  hijjh  wuuis,  it  will  perhaps  be  prudent  to  calcu- 
the  external  teinjiRniture  from  cero,  to  com- 
nsate  for  the  increased  cooling  power  of  the  wind; 
ind,  in  very  wfirni  and  Hheltcrad  situations,  a  less 
[ttDge  in  the  temperature  will  be  sufficient.  Local 
nowledgc  of  the  situation  will  therefore  be  ncces- 

?■  to  guide  the  judj^inent  in  particular  cases, 
103).  The  difference  between  the  cooling  efl'ect 
r  glass  which  ie  glazed  in  stjuares  ami  that  which 
t  lapped  is  very  trifling  in  those  buildings  where 
lie  air  contains  much  moisture.     This  is  the  case 
hothouses,    where   the    plants    are    constantly 
ieamed  ;    and  therefore,  for   such    buildings,    no 
her  allowance  should  be  made  on  this  account 
(ibr  loss  of  heat.*     But  in  skylights  of  dwelling- 
onscs,  in  consequence  of  the  greater  dryness  of 

t«iDi)eratare ;  for  it  is  probable  tlint  the  cooling  efi'cct  of  wind 
on  ordinary  window  glass  is  not  above  one-liulf  bo  maah  as 
M^ipeare  by  the  e\|iorimQutd,  Art.  271,  id  wliicli  the  gkss  was 
D  mnoli  tbinaer  than  ordinary  window  glass. 

'  The  calcalations  of  tlie  specific  Ijeat  of  aii-,  given  in  the 

I,  Art.  97,  are  only  for  dry  air.     If  the  temperature  be  at 

r  and  the  air  saturated  with  moisture,  then  the  tiame  qaan' 

|4i^  of  heat  will  only  raise  the  temperature  of  2,967  cubic  feet 

i  this  saturated  air  any  given  number  of  degrees,  which  woald 

«  raised  2,ii'M  cnino  feet  of  dry  air  to  the  like  teni)i6ralure. 

his  2,907  cubic  feet  of  saturated  air  will  uont^iii  (iU  cubic 

ibes  of  water;  and  this  quantity  of  water  will  itbsorb  as 

loll  lieat  during  its  conversion  into  vapour  as  would  raise 

a  t«tnpeTature  of  117,607  cubic  feet  of  air  one  degree.     This 

I  •qnnl  to  the  entire  heat  that  4ii  feet  of  pipe,  four  inches 

F^dumeter,  will  give  off  in  ten  minutes,  when  the  teniiieraturc 

I  It  HO"  above  that  of  the  air.     The  glass,  will,  however,  cool 

Bucti  less  of  this  saturated  air   than  of  dry  air,  for  the 

ft'aixtarfl  of  air  and  vapour  has  greater  tpeei/ic  heat  than  dry 

'  air.     With  lapped  glass  tlie  lose  of  beat  will  be  loss  with 

mlimt«d  than  with  dry  air.  because  the  vapour,  when  con- 

denaed  aitou  the  glass,  will  run  down  and  nearly  fill  up  the 

etevicea  between  the  laps,  and  clfectually  prevent  the  escape 

of  the  air,  and  thereby  avoid  the  loss  of  heat. 

I 
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Some  loas  of  heat  will  likewise  arise  firom  tmper- 
I  fitting  of  doors  and  nindoirs.     In  diese  cases 

mpentttre  of  the  bothoase  erceods  the  temperature  of  the 
1  »ir,  tills  portion  of  the  beat  is  odI;  abont  three- 
^  temittba  of  the  whole  (see  Art.  227,  tc).     But  a  small  part 
tmlj  of  tliis  qaantity  will  be  affected  by  the  angle  of  tbe  gl&sa. 
For  the  cootlog  effect  of  wind  will  be  in  proportiou  to  Uie  num> 
bcr  of  particles  of  air  broaght  into  contact  in  a  given  time ; 
and  with  a  horizontal  wind  this  will  be  directly  as  the  sine  of 
tbe  augl«  which  the  roof  forms  with  the  horizon.     Suppoaing, 
then,  the  roof  to  be  at  an  angle  of  34",  as  recommended  by 
Mr.  Knight  {Hortieul.  Train,  vol.  i.  p.  99),  wa  ehuU  find  that 
the  Bine  of  the  angle  mnltiplied  by  the  above-mentioned  por- 
tion of  the  heat  ^ected  by  the  conducting  power  of  the  air 
will  give  as  a  resnlt  that,  at  tbe  angle  of  Si~,  there  will  be 
'lont  two-ninths  more  of  the  beat  carried  off  by  the  conduct- 
g  power  of  the  air  than  would  be  the  case  if  the  glass  were 
hoed  horizontally.     But,  practically,  this  loss  wiil  be  very 
terially  lessened  by  an  effect  which  is  not  capable  of  being 
Idnoed  to  any  exact  calculation.     When  a  stream  of  air 
I  an  upright  surface  of  glass,  it  is  not  reflected  back 
jaiu  npon  itself,  bnt  glides  along  the  surface,  and  by  the 
greased  heat  will  be  directed  upwards  in  a  vertical  line. 
PQnetelct's  Philosophy,"  note  5,  Appendix.)    Passing,  then. 
M  this  direction,  It  meets  another  stream  of  air  proceeding  in 
Kline  parallel  to  the  original  line  of  its  motion ;  and  it  is  by 
_Blu  again  driven  more  closely  in  contaot  with  the  glass.     But, 
luTing  been  warmed  by  the  contaot  in  the  lirst  instance,  it 
iriU  abstract  less  heat  from  the  glass,  and  will  tlius  prevent, 
to  a  considerable  extent,  the  further  loss  of  heat,  until  by  the 
^vard  motion  of  the  air  it  finally  escapes  into  space.     The 
)  effect  will  be  produced  by  a  glass  roof  lying  at  any 
;  bat  it  is  dear  the  heated  particles  will  escape  upwards 
^B  easily  in  proportion  as  the  angle  of  the  roof  is  smaller. 
,  these  effects  are  exactly  the  opposite  of  each  other. 
hfl  cooling  effect  of  the  wind  inereanes  with  the  angle  of  the 
d  is  greatest  on  a  vertical  surface ;  while  the  counter- 
influence,  by  the  interference  of  the  particles  of  air 
h  each  other,  also  increases  in  nearly  the  same  proportion; 
3  therefore  the  variation  in  the  angle  of  the  rodf  malces  fur 
B  difference  than  might  at  first  be  expected  in  the  cooUng 
xt.     The  difference,  however,  between   the  cooliug  of  a 
ticai  pane  of  glass  and  a  perfectly  horizontal  oue  is  not 
tonsiderable  in  high  winds ;  but  tlie  augle  of  a  roof  must 
iverj  small  indeed  before  it  can  escape  tbe  iofineuces  above 
Voribed,  and  be  brought  to  assimilate  with  a  horizontal  roof. 
I  2 
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the  circumstances  vary  very  considerably  ;  but,  in 
the  majority  of  instances,  no  allowance  ie  neces- 
sary for  these  sources  of  loss  of  heat,  the  external 
temperature  of  the  air  having  been  reckoned  (Art. 
102)  fiufTiciently  low  to  supersede  the  necessity  of 
any  farther  deduction. 

(105.)  From  the  preceding  calculations,  the  fol- 
lowing corollary  may  be  drawn:  The  quantity  of 
air  to  be  warmed  per  minute  in  habitable  rooms 
and  in  public  buildings  must  be  from  three  and  a 
half  to  five  cubic  feet  for  each  person  the  room 
contains,  and  one  and  a  quarter  cubic  feet  for  each 
square  foot  of  glass.*  This  air  has  to  be  heated 
from  the  external  temperature,  to  the  temperature 
at  which  the  room  or  building  is  required  to  be 
kept.  For  conservatories,  forcing-houses,  and 
other  biuldings  of  this  description,  the  (|uautity  of 
air  to  be  warmed  per  minute  must  be  one  and  a 
quarter  cubic  feet  for  each  square  loot  of  glass 
which  the  building  contains  ;  and  this  air  also  will 
have  to  be  heated  from  the  external  temperature 
to  the  proposed  temperature  of  the  building.  When 
the  quantity  of  air  to  be  heated  per  minute  has  been 
thus  ascertained,  the  quantity  of  pipe  that  will  be 
necessary  to  heat  the  building  may  be  found  by 
the  following  rule : — 

KuLE: — Multiply  125  by  the  difference  between 
the  temperature  at  which  the  room  is  purposed  to 
be  kept,  when  at  its  maximum,  and  the  tempera- 
ture of  the  external  air;  and  divide  this  product 
by  the  difference  between  the  temperature  of  the 
pipes  and  the  proposed  temperature  of  the  room; 
then  the  quotient  thus  obtained,  when  multiplied 

*  Ab  conagated  sbeet-iron  is  coming  inaoli  into  use,  it  may 
be  proper  to  observe  tha(  tbo  toss  uf  heat  troiu  lliis  kind  of 
material  is  exactly  Iho  same  us  from  the  like  extent  of  gUsti 
(see  "  Esperimonts,"  Chapter  XIU),  and  muiA  be  ftUowed  for 
Mcordiugly,  whatever  it  is  uaed. 
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by  tlie  namber  of  cubic  fpct  of  nir  to  be  warmed 

per  minute,  and  this  protluct  divided  by  222,  will 

Jve  the  number  of  feet  in  length  of  pipe,  four 

ichcs  diameter,  which  will  produce  the  desired 

effect.* 

WTicn  the  pijtes  which  are  to  l)e  used  are  three 
inches  diameter,  then  the  number  of  feet  of  four- 
inch  pipe,  obtained  by  this  rule,  must  be  multi- 
plied by  1'33,  which  will  give  the  length  of  three- 
inch  pi[ie;  or,  to  obtain  the  (juantity  of  two-inch 
pipe,  the  length  of  pipe  four  inches  diameter,  ob- 
tained by  tlie  rule,  must  be  multiplied  by  two  ; 
the  length  required  of  three-inch  pipe  l)eing  one- 
third  more  than  four-inch,  and  the  length  oi  two- 
inch  pipe  Ijcing  double  tliat  of  the  four-inch,  when 
the  temperaturea  are  the  same  in  all. 

(106.)  By  the  following  Table,  however,  even 
the  simple  calculations  given  in  this  rule  may  be 
dispensetl  with.  The  T.ible  shows  the  quantity 
of  pipe  four  inches  in  diameter  which  is  required 
to  heat  1,000  cubic  feet  ofairjo^r  minute  any  number 
of  degrees.  The  temperature  of  the  pipes  is  as- 
KUiued  to  be  200°  of  Fahrenheit,  this  being  the 
most  usual  temperature  at  which  they  can  be  easily 
maintained.     But,  according  to  the  length  of  pipe 


*  Let  p  he  the  temperatnre  of  the  pipe,  &nd  t  the  tempBia- 

125 
B  tbo  room  is  required  to  be  kept  at,  thea^^—  =  .r.  which 

ftviil  represent  the  number  of  feet  of  pipe  that  wiU  warm  222 

■Anbie  ftiBt  of  air  oiie  dej^ree  per  minute,  wheu  ji-~t  is  different 

to  the  proportions  given  id  Art.  98.     If  li  represente  the  dif- 

fmeooe  between  the  internal  and  the  external  temperature  of 

tba  room,  and  c  the  number  of  cubic  feet  of  air  which  are  to 


r«t  of  pipe,  four  inches  diameter,  which  will  warm  any  quantity 
of  sir  per  aiiniite.  according  to  the  culcuktions.  Art.  1)8. 
The  rule  given  in  the  text  hus  been  arranged  in  Guch  a 
r  that  it  may  be  worked  without  decimalii. 
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which  is  heated  by  one  boiler,  the  temperature 
will  sometimes  be  greater  and  sometimes  lesa  than 
this  estimate,  the  temperature  of  the  water  being 
generally  higher  when  only  a  siiiall  quantity  of 
pipe  is  used.  When  the  quantity  of  air  to  be 
warmed  per  minute  is  greater  or  less  than  1,000 
cubic  feet,  the  proper  quantity  of  pipe  will  be 
found  by  multiplying  the  length  given  in  the 
Table  by  the  actual  number  of  cubic  feet  of  air  to 
be  warmed  per  minute,  and  dividing  that  product 
by  1,000. 

(107}  If  the  building  which  it  is  designed  to 
warm  ia  required  to  be  used  only  during  the  day, 
the  air,  in  this  part  of  the  country  at  least,  is 
scarcely  likely  to  be  below  25°;  but  if — as  for  a 
forcing-house,  for  instance — it  .is  required  to  be 
heated  both  by  day  and  by  night,  then,  perhaps, 
10"  will  not  be  too  low  to  calculate  from,  or  22° 
below  the  freezing  point.  Su}>po8e,  now,  we  want 
to  calculate  the  quantity  of  pipe  required  to  heat 
a  forcing-house  to  75°  in  the  coldest  weather — • 
which  we  will  assume  to  be  10°  of  Fahrenheit's 
scale,  or  2'2''  below  freezing.  We  have  already 
eeen  (Art.  101 — 105)  that  the  quantity  of  heat 
required  for  horticultural  buildings  is  merely  so 
much  as  is  necessary  to  replace  the  heat  given  otF; 
or,  in  other  words,  to  comi>ensate  for  the  loss 
sustained  by  the  glass.  The  actiinl  cubic  measure- 
ment of  the  house  signi6es  nothing  in  this  case. 
It  is  the  glass  alone  which  gives  off  any  appre- 
ciable heat ;  and  therefore  whatever  quantity  of 
pipe  will  compensate  for  this  loss  of  bent  by  the 
glass  will  also  warm  the  house  in  the  lirst  instance, 
and  maintain  it  at  the  required  temperature  after- 
wards; because,  until  the  air  of  the  house  is  heated 
to  its  maximum  temperature,  the  glass  will  cool 
proportionally  less  air,  the  cooling  power  of  the 
glass  heing  obviously  exactly  proportional  to  the 
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Table  IV. 

Ue  ahowing  the  Quantitj  of  Pipe,  four  inches  diameter, 
which  will  heat  1.000  Cnbie  Feet  of  Air  per  Slinate,  aay 
re<inired  nombet  of  Degrees:  the  Temperature  of  Iha 
Pipe  being  200''  Fahieuheit. 


'  Air. 

TempeiUUTB  U  wLirh  tbe  Boom  Is  re<iuired  to  be  keiil. 

45° 

60' 

66- 

60° 

65" 

70"  [  75'    80'    86' 

00° 

10' 

120 1 160 

nl 

200 

229  I  269  ;  292  !  328  |  367 

409 

vr 

119 

112 

1C6 

192 

230   2511  28a  1318    357 

399 

14^ 

112 

135 

159 

184 

212   242   274  1309 

347 

388 

16" 

105 

127 

151 

17C 

204  '  233    265  '  300 

337 

378 

1ft- 

98 

1-20 

143 

168 

195    226    2661290 

328 

868 

20-^ 

91 

112 

135 

100 

187    216    247! 281 

318 

858 

.         22' 

eu 

105 

128 

152 

1791207    28812711308 

347 

24' 

76 

97 

120 

144 

170  1 199    229  1  2{i2  ;  298 

837 

26- 

CO 

00 

112 

13C 

162 ! 190    220    253 

288 

327 

,        28' 

61 

82 

104 

128 

154; 181    211 |243 

279 

817 

^      ac 

54 

75 

07 

120 

145 

17312021234 

269 

307 

*ftaaS2' 

■47 

67 

89 

112 

187 

104 

193  f  225 

259 

296 

Mu  3j, 

40 

CO 

81 

104 

129 

165 

184  1  215 

249 

286 

86' 

82 

62 

73 

9G 

120 

147 

175    208 

289 

276 

88- 

25 

45 

C6 

8H 

11211.18 

icojioe 

230 

266 

►       40' 

18 

97 

68 

80 

104 ' 129 

157    187 

220  '  265 

II        42° 

10 

80 

60 

72 

96! 121 

148    178 

210  1  245 

W 

S 

22 

42 

U 

87    112 

139 '168 

200  1  235 

4r 

15 

84 

56 

79    103 

130    159  i  mo  i  226 

48' 

7 

27 

48 

70     95 

121    150    181  i  214 

!■        60- 

19 

40 

(i2     86 

112    140    171  1204 

1          62° 

11 

32 

54  ;    77    108    131  '  101  1  194  1 

•■•,•  To  ftsoertain  by  the  above  Table  the  quantity  of  Pipe 
^  iriticb  will  heal  1.000  cubit  feet  of  air  per  minute,  find,  in  tho 
firat  column,  the  temperature  corresponding  to  that  of  tbe 
estvrnal  air  ;  and  at  the  top  of  one  of  the  other  columoa  find 
the  tomperatare  at  which  the  room  ie  to  be  maintained ;  then, 
in  lhi«  latter  oolQiun.  and  on  the  hne  which  correfiponda  with 
tbe  external  temperatare,  the  required  number  of  feet  of  pipe 
will  be  found. 
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difference  between  the  internal  and  external  tem- 
perature. The  pipe,  therefore,  gives  off  more 
neat  to  t]ie  air  in  the  earlier  stages  of  the  operation 
than  the.  glass  transmits  by  radiation  to  the  external 
atmosjihere.  This  difference  in  the  effect  is  actually 
the  rate  at  which  the  building  becomes  heated  ; 
and  the  increase  of  the  temperature  of  tlie  building 
continues  until  the  radiating  power  of  the  glass 
exactly  balances  the  heat  given  off  by  the  pipes. 
But  the  heat  given  off  by  the  pi])es.  it  may  be 
observed  constantly  decreases,  while  the  cooling 
power  of  tlie  glass  increases  with  every  addition  to 
the  temperature  of  the  internal  air.  We  see,  then, 
that  when  we  have  estimated  the  surface  of  glass  in 
such  a  building,  we  can  calculate  the  quantity  of 
pipe  that  will  heat  it.  For  suppose  the  house  has 
800  8(|uare  feet  of  glass  :  we  find  (Art.  105)  that 
every  square  foot  of  glass  cools  one  and  a  quarter 
cubir  feet  of  air  per  minute  as  many  degrees  as  the 
internal  exceeds  the  external  temperature.  If 
tlierefore  the  external  temperature  be  10",  and  the 
internal  tcuiperature  is  required  to  be  75°,  then 
800  square  feet  of  glass  will  (as  above  stated)  cool 
1,000  cubic  ieet  of  air  per  minute  from  75"  down  to 
10°.  By  the  Table,  then,  in  the  column  marked 
75".  and  on  the  line  marked  10°  for  external  tem- 
perature, we  Knd  the  quantity  292  ;  which  is  the 
number  of  teet  in  length  of  pipe,  four  inches 
diameter,  that  are  required  to  heat  this  1,000  cubic 
feet  of  air  per  minute  the  required  number  of 
degrees.  This  (|uantity  of  pipe,  therefore,  will 
heat  a  building  having  800  square  feet  of  glass, 
whatever  the  actual  size  of  the  building  may  be. 
Ami  whtMiever  the  quantity  of  air  to  bo  heated 
per  miimte  is  either  greater  or  less  than  l.OOO 
cubic  feet  (or.  in  other  words,  when  the  quantity 
of  glass  is  greater  or  less  than  800  square  feet), 
then  the  proper  quantity  of  pipe  will  be  nbtaincd 
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I  by  the  rule  of  proportion,  as  already  stated  (Art. 

}  106). 

(108.)  The  above  rule  will  not.  however,  give 

I  the  length  of  time  required  to  heat  any  particular 

'  building.  This  will,  of  course,  depend  upon  many 
circumstances  ;  nevertheless,  some  apjiroximation 
may  be  made  to  the  average  time  required.  Sup- 
pose the  maximum  temperature  of  the  pipe  to 
be  200°,  the  water  heing  at  40"  before  lighting  the 
fire ;  then  the  maximum  temperature  in  horti- 
cultornl  buildings  will  be  attained  with 

Four-inch  pipes,  in  about  four  and  a  half  hours. 
Three-inch  pipes,  in  about  three  and  a  quarter  hours. 
Two-inch  pipes,  in  about  two  and  a  quarter  hours. 

But  tf  a  larger  quantity  of  coal  than  that  given  by 
the  Table  (Art.  114)  Imj  used — if  the  surface  of 
tile  boiler  be  much  increased  in  proportion  to  the 
len<;th  of  pi|)e — ^if  the  quantity  of  pipe  used  be 
ex€»ssive — or  the  temperature  of  the  external  mr 
■be  higher  than  the  estimated  amount,  then,  in  eaoh 
of  these  cases,  the  time  required  for  heating  will  be 
le«8.  If,  on  the  contrary,  tlie  required  temperature 
be  not  Rttiuned  in  the  time  given  above,  then 
either  too  small  a  quantity  of  pipe,  too  small  a 
^Roriacc  of  boiler,  or  too  small  a  quantity  of  coal 

been  used. 
It  should,  however,  i)e  observed,  that  although 

maximum  temperature  will  not  be  reached,  on 
average,  in  less  time  than  is  above  stated,  still 
'the  required  temperature  will  very  olten  not  take 
longer  than  half,  or  two-thirds  of  this  time,  to  be 
Btiametl  ;  because  the  quantity  of  pij*  being 
always  apportioneti  to  meet  the  case  of  extreme 
cold,  when  thu  external  temperature  is  above  that 
extreme  limit,  the  pipe,  by  i)eing  Huyierabundant, 
will  warm  the  same  space  in  a  shorter  time. 
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( 109).  These  calculations  of  the  time  required  to 
heat  buiMinge  will  only  apply  to  those  cases  where 
the  cooling  surfaces  are  very  large,  and  the  propor- 
tion of  pipe  very  considerable,  relatively  to  the 
actual  dimensions  of  the  building.  AVherever,  on 
the  contrary,  the  cubical  content  of  the  building  is 
large  in  proportion  to  its  cooling  surfaces,  the 
time  rerpiired  to  raise  its  temperature  will  be 
greater  than  is  above  stated,  in  consequence  of 
the  very  small  proportionate  quantity  of  pipe  ; 
and  this  will  be  found  to  vary  greatly  in  different 
descriptions  of  buildings.  Churches  and  other 
large  buildings  Cwhich  only  require  a  small  heat- 
ing surface  relatively  to  their  cubic  contents)  will 
generally  require  the  longest  time  to  heat ;  dwel- 
ling-houBes  will  require  a  shorter  time,  and  horti- 
cultural buildings  the  shortest  of  all.  The  length 
of  time  above  estimated  only  applies  to  the  lattw 
clescription  of  buildings.  For  the  other  kinds  of 
buildings  the  |>eriod  will  be  very  variable,  and 
can  scarcely  be  determined,  except  for  each  in- 
dividual case.  . 

(110.)  Various  circumstances,  may,  however,  in- 
terfere to  diminish  the  ettect  of  the  apparatus  ; 
such,  for  instance,  as  damp  walls — particularly  if 
the  building  is  new — excess  of  ventilation,  &c. 
The  effect  of  damp  walls  in  reducing  the  apparent 
power  of  an  apparatus  is  very  considerable,  in 
consequence  of  the  great  quantity  of  heat  which 
is  necessary  to  evaporate  the  moisture.  It  will 
require  as  much  heat  to  vaporise  one  gallon  of 
water  from  the  walls  of  a  building  as  would  rai»e 
the  temperature  of  47,840  cubic  feet  of  air  10". 
The  true  power  of  an  apparatus,  can,  therefore, 
never  be  ascertained  unless  the  building  be  per- 
fectly dry.  The  same  cause,  though  in  a  nmch 
less  degree,  becomes  operative  in  buildings  which 
are  only  occasionally  wai-med  ;  and  a  longer  time 


FOB   WAKMI.VG    KUILDIXGS.  123 

will  always  be  necessary  to  heat  such  placcB  than 
those  that  are  in  constant  use. 

(111.)  For  estimating  the  quantity  of  pipe  which 

required  to  warm  any  building,  rules  of  a  much 
more  facile  character,  thou^rh  at  the  same  time 
more  loose  and  inaccurate  than  those  that  have 
been  already  given,  may  be  deduced.*  They  are 
the  results  of  experience,  and  they  have  been 
foand  so  generally  usefid  in  practice,  and  in  most 
cases  eo  nearly  accurate  in  their  results,  that  they 
are  here  given  at  considerably  greater  length  than 

the  earlier  editions  of  this  work. 

CnuRcitE.s  AND  LARGE  PuBLic  RooMs. — To  heat 
itliesc  when  they  have  an  average  number  of  doors 
and  windows,  and  only  moderate  ventilation, 
divide  the  cubic  measiu'ement  of  the  building  by 
'^00,  and  the  quotient  will  be  the  number  of  feet  in 

igth  of  pipe,  four  inches  diameter,  that  will  be  re- 
iiured  to  produce  a  temperature  of  about  oS"  in 
!ry  cold  weather.f     This  is  equivalent  to  allow- 

'  The  following  nilea  must  not  be  oonfonnded  mtb  that 

I  already  given.  Tbe  former  rule  gave  tbe  result  entirely  from 
Ml  Wtimate  of  the  qntmtity  of  glass,  without  anij  rrference  to  tlu 
miic  conltiiti  nf  ike  building ;  the  present  rulea,  on  the  contrary, 
■re  founded  entirely  on  the  cubic  contents  of  the  building 
Kthont  direct  reference  to  the  quantity  of  glass.  The  results 
iewerer,  of  the  two  rules  will  be  found'  to  agree  with  sufficient 
ieearacy  for  most  practical  purposes. 
'  *  Churches  and  other  buildings  forcontaining  large  assem- 
Uages  of  people  ought  never  to  be  heated  to  a  very  high  tem- 
perature, on  account  of  the  great  quantity  of  animal  heat 
given  off  in  crowded  congregations.  It  has  been  ascertained, 
by  calculations  founded  on  tbe  amount  of  oxygen  consumed, 
Ibat  a  man  generates  a  quantity  of  heat  in  24  hours  sufficient 
to  raise  63  lbs,  of  water  from  the  freezing  to  the  boiling  point. 
or  this  quantity,  as  much  heat  is  expended  in  forming  the 
vapour  tJiat  passes  off  by  perspiration  and  by  transpiration 
from  the  lungs  as  would  beat  about  3(5^  lbs.  of  water  180^ ; 
and  tbe  remainder  of  the  heat,  which  is  equal  to  raising  the 
temperature  of  ^61  lbs.  of  water  180°,  passes  off  by  radiation 
Erom  the  body.  {<Juetelet'tl'liilo>opltj/,  Ait." Heat." )  Now  Ihese 
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ing  five  feet  of  four-inch  pipe  for  ever}'  thonsand 
cubic  feet  of  space  which  the  buihling  contains. 
If  the  apparatus  is  so  contrived  that  the  wanning 
of  the  air  is  effected  before  it  actually  circulates 
in  tlie  room,  and  tliut  the  same  portions  of  air  are 
not  returned  to  be  heated  a  second  time,  but  fresh 
portions  of  external  air  are  brought  successively 
in  contact  with  the  heating  apparatus,  it  will  re- 
quire from  50  to  70  per  cent-  more  pipe  to  pro- 
duce the  same  elfect ;  but  the  air  will,  of  course, 
be  more  pure  and  fresh.* 


resulls,  if  reduced  to  the  same  standard  that  has  been  adopted 
iu  the  precedi^i^  calaulations,  will  lead  to  the  coucluaioa  that 
as  much  heat  is  given  otT  per  miuute  from  the  bod;  of  an 
adult  man  as  would  be  produced  by  an  iron  pipe  four  incliea 
diameter  and  three- and- a -half  feet  long,  filled  with  water  at 
200  .  Thia  estimate,  however,  in  practice,  would  be  found  too 
high ;  foe  where  there  is  no  muscular  exertion  less  heat  is 
produced  ;  aod  the  increased  temperature  of  the  surrounding 
medinm  would  also  prevent  its  free  radiation.  For,  as  all 
bodies  onlj  give  oS  beat  la  proportion  to  their  excess  of  tem- 
perature, the  human  body  being  constantly  at  the  temperatnre 
of  98°  nearly  twice  as  much  heat  would  be  given  off  (if  the 
body  were  freely  exposed)  when  the  sarroanding  medium  is 
at  50°  as  would  be  the  case  if  the  latter  were  raised  to  70*. 
It  is  found  also  that,  on  an  average,  women  only  consums 
about  half  as  much  oxygen  as  men  {Gomhe'a  I'rineiplta  of 
Phywilo'j'j,  4th  edition,  p.  222).  and  therefore  they  can  only 
prodoce  half  aa  much  heat ;  the  coosumption  of  osy^en  always 
being  proportional  to  the  beat  generated.  From  these  facts 
itwiU  appear  that  not  only  should  buildings  euch  as  those  W6 
ore  now  considering,  not  be  too  highly  heated,  but  that  the 
pipes  should  be  moderately  small  in  diameter,  iu  order  to 
allow  of  the  temperature  being  more  easily  lowered  when  the 
building  is  filled  with  people.  Some  experiments  on  the  heat 
thus  (riven  off  from  the  human  body  are  given  in  Wym«n 
"On  Ventilation,"  p.  185,  Boston.  184C. 

'  This  mode  of  calculating  the  quantity  of  pipe,  will  differ 
from  the  previous  mode  of  calculating  by  the  surface  of  glasB 
and  the  allowance  necessary  for  veulilation,  to  a  much  greater 
extent  in  the  o^se  of  ohurclies  than  alnioxt  any  other  kind  of 
building.  The  reasons  for  this  are  twofold :  not  only  does 
the  proportion  of  glass  to  the  area  of  the  building  di^L'r  tu  a 
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DwELLiKG -ROOMS. — These  will  generally  require 

r about  12  feet  of  four-inch  jnpe  to  every  thousand 

cubic  feet  of  space  contained  in  them,  to  give  a 

temperature  of  about  65°.    To  raise  the  temperature 

to  70"  will  reijuire  about  14  feet  of  four-inch  pipe. 

Haxls,  Shops,  Waitixg-hooms,  etc.,  will  require 

I  about  ten  feet  of  four-inch  jwpe  to  every  thousand 

I  cubic  feet  of  s]>ace.  to  raise  the  temperature   to 

about  55".     For  a  temperature  of  60",  about  twelve 

feet  of  four-incb  pipe  will  be  required. 

WoBK-ROOMs,  Ma.vufactobies,  ETC.,  where  a  tem- 
perature of  about  50°  to  55°  only  is  required,  will 
generally  bo  sufficiently  heated  by  six  feet  of  four- 
mch  pipe  for  every  thousand  cubic  feet  of  space 
they  contain.  For  a  temperature  of  60"  about  eight 
feet  of  pipe  will  be  required. 

very  great  extent  in  different  cburchoe :  bat,  besides  this,  if 
the  quaatily  of  pipe  wiiere  oulj  just  eiillicieut  to  compensate 
lor  the  loss  by  the  cooling  power  of  the  glass,  it  would  require 
Tax  too  long  a  time  to  heat  the  church  to  the  required  tem- 
peratnL'e,  in  consequence  of  its  very  j;rea.t  area  in  proportion 
to  the  toal  heating  surface.  In  coUege  chapels,  and  some 
other  ecclesiaalical  buildings,  where  the  quantity  of  glass  is 
particularly  small,  thia  is  remarlrably  the  case ;  and  the  former 
mid  wonld  hardly  give  one-fourth  the  quantity  of  pipe  found 
by  the  latter.  Now,  in  these  cases,  when  the  qaantity  of 
f^Aaa  is  so  very  small,  a  less  quantity  of  pipe  would  certainly 
BnfBce  than  that  obtained  by  the  latter  rule  of  allowing  five 
feet  of  four-inch  pipe  for  each  thousand  cnbic  feet  of  space : 
and  it  must  be  decided  by  experience  which  rule  shall  be 
tdopted  in  such  cases.  In  those  oases  were  the  warming 
ftppnratus  is  kept  constantly  in  operation,  the  smaller  quantity 
of  pipe  obtained  by  the  first  rule  would  suffice  :  but  in  oases 
vbero  the  apparatus  is  only  heated  once  or  twice  a  week,  it 
leqoires  to  be  much  more  powerful,  in  order  to  produce  the 
required  eSect  in  a  sufficiently  short  time.  In  a  very  large 
majority  of  churches,  the  last  rule  given  will  be  correct ; 
but  when  any  doubt  may  exist  as  to  its  applicability  to  any 
particular  case,  a  very  safe  plan  will  be  to  calculate  the 
qnautity  of  pipe  I>y  both  rules  ;  add  the  results  together,  and 
diride  the  resulting  quantity  by  two.  This  plan  will  give  a 
-  ttmi^  mbich  will  safely  meet  almost  any  case  that  can  arise. 
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Schools,  and  Lectcbe -booms,  retmiring  a  tem- 
perature of  65"  to  58",  will  require  from  wx  to 
seven  feet  of  four-inch  pipe  to  every  tliousand 
cubic  feet  of  space. 

Drying-rooms,  or  closets,  for  drying  wet  linen, 
and  other  substances,  require  from  150  to  200  feet 
of  four-inch  pipe  to  every  thousand  cubic  feet  of 
space  to  raise  the  temperature  to  120"  when  empty, 
or  about  80"  when  the  room  is  filled  with  wet 
linen.* 

DryinG'ROOMS,  for  curing  bacon,  or  for  drying 
paper,  or  leather,  or  damp  hidcR,  will  require 
twenty  feet  of  four-inch  pipe  to  every  thousand 
cubic  feet  of  space  to  give  a  temperature  of  about 
70". 

Greenhouses  and  Conservatories,  requiring  a 
temperature  of  about  55°  in  the  coldest  weather, 
must  have  35  feet  of  four-inch  pipe  for  each  thou- 
sand cubic  feet  of  space  they  contain. 

Grai'eries  and  Stove-iiol'ses,  requiring  a  tem- 
perature of  65"  to  70"  in  the  coldest  weather,  will 
require  43  feet  of  four-inch  pipe  for  ejich  thousand 
cubic  feet  of  space  ;  and  if  a  temperature  of  70°  to 
75°  is  required,  50  feet  of  four-inch  pipe  must  be 
allowed  for  each  thousand  cubic  feet  of  space. 

Pineries,  Hothouses,  and  Cucumber-pits,  re- 
quiring a  temperature  of  80°,  must  have  about  55 
feet  of  four-inch  pipe  for  every  thousand  cubic  feet 
of  space  the  house  contains. 

Modern  refinements  have  introduced  heating  by 
hot  water  in  many  other  forms  of  buildings  than 
originally  contemplated.  Thus  Stables  are  often 
thus  heated,  and  they  usually  require  about  five 
feet  of  four-inch  pipe  per  thousand  cubic  feet  of 
space.  Coachhouses  require  about  the  same 
quantity,  and  so  also  do  UoG  Hoitses  and  Fowi. 
Houses.  Dairies  are  also  now  frequently  warmed 
•  Bee  also  Art.  176  and  177. 
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I  tliis  manner.     They  require  about  16  to  18  feet 

'  four-inch  pipe  per  1000  cubic  feet  of  space  to 

ive  a  temperature  of  about  56"  Fahrenheit. 

The  quautity  of  pipe  estimated  in  this  way  will 

_iily  suit  for  such  buildings,  whetlier  liorticultural 

or  otherwise,  as  are    built    quite    upon  the  uaual 

plan  and  of  the  ordinary  pruportions ;  for,  if  they 

vary  much  from  tlie  most  ordinury  construction. 

^lese  rides  mil  not  be  accurate,  and  the  method 

pven  in  the  former  |>art  of  this  chjqtter  should  then 

le  employed. 

,  (112.)  Although  these  calculations  are  all  made 
the  supi)ositiun  of  using  pipe  of  four  inches 
lianicter  as  the  heating  surlitce,  it  is  by  no  means 
ptcndcd  to  recommend  that  as  the  best  size  for  all 
luq>OBes.  For  all  horticultural  puqioses  it  is  the 
at,  where  it  can  be  used ;  but  for  most  other 
hirpoees,  smaller  pii>e8,  or  even  other  forms  of 
iting  surifices,  may  genonUly  be  more  advan- 
;eously  employed.  If  the  [lipes  used  are  only 
ee  inches  diameter,  we  must  add  one-third  to 
!  quantities  here  i^iven;  and  if  pipes  of  two 
hes  diameter  are  used,  double  the  quantity  will 
i  required. 

(113.)  It  should  here  be  mentioned,  that  the 
alculations  for  the  quantity  of  pipe  required  tor 
lorticidtural  buildings  have  been  made  with  a 
!W  to  the  most  economical  mode  of  effecting 
I  desired  object.  Some  of  the  most  successful 
torticulturists,  however,  have  adopted  the  plan 
'  nsiDg  a  much  stronger  heat  in  their  forcing- 
tDUses,  and  allowing,  at  the  same  time,  a  much 
sater  degree  of  ventilation  than  usual  This 
ia  stated  to  produce  a  iiuer  fruitage;  but 
trill  only  be  obtained  at  an  increased  cost  in  the 
xiparatus,  and  by  a  larger  expenditure  of  fuel. 
Vliei'e  economy  is  not  required,  it  may  perhaps  be 
to  adopt  this  [dan;  and  then  the  quantity 
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of  pipe  which  is  used  must  be  proportionally 
increased  above  the  estimates  wliich  are  given  in 
this  chajJter. 

(114.)  The  quantity  of  coal  necessary  to  sup- 
ply any  determinate  length  of  pipe  is  easily 
ascertained,  from  the  data  given  in  Art.  270. 
After  the  water  in  the  pipes  is  heated  to  its 
maximum,  the  quantity  of  coal  consumed  is, 
obviously,  just  what  is  rcf^uired  to  supply  the 
heat  given  off  from  the  ]>ipes.  Now,  by  Art. 
99  we  find  that  when  pipes  four  inches  diameter 
are  146-8°  hotter  than  the  air  of  the  room,  tlie 
water  contained  in  them  loses  exactly  1°  per 
minute  of  its  heat.  By  Art.  94,  we  find  that 
1  lb.  of  coal  will  raise  the  temperature  of  39  Iba. 
of  water  180°;  and  as  100  feet  in  length  of  four- 
inch  pipe  contains  544  lbs.  of  water,  it  will 
require  13-9  lbs.  of  coal  to  raise  the  temperature 
of  this  quantity  of  water  180".  If,  therefore,  the 
water  loses  1"  of  heat  per  minute,  or  60"  jier  hour, 
this  quantity  of  coal  will  supply  100  feet  in  length 
of  pipe  for  three  hours,  if  its  temperature  con- 
tinue constant  with  regard  to  the  air  of  the  room. 
On  this  principle  the  following  Table  has  been 
constructed.  The  temperature  of  the  |)ipe  U 
assumed  to  be  200"  :  then,  knowing  the  tem- 
perature of  the  room,  if  we  take  the  dijiWenee 
between  the  temperature  of  the  pipe  and  that  of 
the  room,  by  looking  in  the  Tal)!e  for  the  correa- 
pomling  temperature,  we  shall  find  under  it  the 
nuralter  of  pounds  weight  of  coal  which  vnXi  be 
required  per  hour  for  every  100  feet  in  length 
of  pipe,  in  order  to  maintain  the  stated  tempera- 
ture. Thus,  suppose  the  pipe  to  be  four  inches 
diameter,  and  its  temperature  200",  wliile  the  room 
is  at  75°,  then,  under  the  column  headed  125° 
(which  is  the  difference  Ixitween  these  two  tem- 
peratures), we  find  3'9  lbs.  as  the  quantity  re- 
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red  per  hour  for  every  100  feet  of  t>ipe.  The 
jbantities  stated  in  the  Table  are  gwen  in  pounds 
and  tenths  of  a  pound. 


Table  of  the  Qnantity  of  Coal  used  per  Hour  to  lieat  100  Feet 

in  leDgth  of  Pipe  of  different  Sizes. 


1^ 

DiffeccDCB  betiTceu  the  Tempcnture  of  the  Fipe  and 

.&.. 

lfi0145 

140135  130 
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2-2  21  20 
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13 

1-2 

1 
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...,«.o 

■0     3 

1 

■9     -8 

■8 

■7 

■7 

■7 

■6 

■6 

l(116.)  It  should,  however,  be  borne  in  mind 

kit  an  apparatus    will   not  always  consume  the 

quantity  of  coal  ;    in  fact,    it   will   seldom 

iquire  near  so  much  as  the  Table  shows,  because 

^t  is   the   calculation    for  the  maximum  effect. 

ppose  the  (juantity  of  pipe  in  a  room  has  been 

nrately   calculated,    in    order  to  maintain    the 

nperature   at    75°  when  the  external  air  is  at 

the   consumption   of  coal   for    pi])es    of  four 

ihes   diameter  "will    then  be    3"9  lbs.  j^r  hour 

every  100  feet  of  pipe.     But  should  the  ex- 

la)  temperature  now  rise  to  40°  ;    77  feet  of 

would  produce  the  same  effect  as  100  feet 

puld  in  the  former  case  ;  therefore  the  pipe  must 

heated  to    a  lower  temperature  ;    and  it  will 

_(  found  by  calculation,  that  only  3  lbs.  of  coal 

idutd  be  used,  instead  of  3'9  lbs.     As  much  coal, 

therefore,  as  would  supply  77  feet  of  pii>e  at  the 

maximum  temperature  would  suffice  for  100  feet  ' 

this   reduced   temperature.      The   quantity   of 
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fuel  which  is  consumed  will,  therefore,  be  con- 
tinually subject  to  variation,  as  it  will  alter  with 
the  temperature  of  the  external  atmosphere  ;  and, 
in  general,  the  avera^  quantity  of  coal  required 
will  be  fiilly  one-third  less  than  the  amount  given 
in  the  Table. 

It  is  almost  unnecessary  to  observe  that,  in  cal- 
culating this  Table,  it  has  been  assumed  that  the 
boiler  and  furnace  are  of  good  construction  ;  for 
on  no  other  basis  could  an  estimate  be  formed. 
Very  great  differences,  however,  exist  in  this 
respect ;  and  for  such  cases  no  estimate  whatever 
can  possibly  be  made. 


CHAPTER   YII. 

Vtuidiu  Modifications  of  the  Hot- Water  Apparatna — Eewlsy'a 
SipboD  Principle — The  High-pressure  syatem — Holmea  and 
Coffey's  modificatioQB — Eckstein  and  Bueby's  Rotary  Float 
Circnlalor — Fowler's  Thermo-sipbon — Prico'ii  improved 
Hot- water  Boxes — Rendle 'a  Tank  System — Corbett'sTroogh 
System  of  Evaporation — Theory  of  Evaporation. 

(116.)  Undkb  the  common  and  generic  tenn  of 
"  hot-water  apparatus "  various  plans  have  been 
brought  forward  by  different  inventors,  which, 
though  essentially  different  in  some  of  their  features 
from  those  that  have  been  already  described,  are, 
nevenheless,  merely  modifications  of  the  general 
principles  that  have  been  explained.  In  the  pre- 
sent chapter  some  of  these  peculiar  modifications 
of  the  inventioD  will  be  investigated;  and  it  will 
appear  that  the  original  principles  of  all  are  the 
game,  but  that  other  of  the  fundamental  laws  of 
Katore  are  here  brought  into  action  conjointly 
those  that  we  have  already  examined,  and 
nve  rise  to  an  ap[>arent  diversity  of  ojieration. 
(117.)  The  first  notable  invention  of  thia  sort 
shall  l^  mentioned,  is  Kewlej-'s  sipboo 
'"foinciptc.  The  sketch,  fig.  36,  shows  this  appa* 
ratns  in  its  simplest  form.  The  tfoUer  is  open  at 
the  top,  and  lh<>  two  pipes  dip  into  the  water;  the 
pipe  A  deaccnding  only  a  very  short  distance  below 
i  Boriace,  and  the  pipe  B  reaching  nesriy  to  the 
itom  of  the  boiler.  A  small  flexible  metal  pipe, 
1 — u — 1 — 1  jjj  ^jjg  iiigiiest  part  of  the  [Mpea.     To 
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this  an  air-pump  is  connected,  and  the  air  in  the 
pipes  being  exhausted  by  this  means,  the  atmo- 
spheric pressure  forces  the  water  up  the  jiipes  and 
fills  them  completely. 


Fio.  SG. 


raising 
30    " 


This  avoids  the  ne- 
-■    ■  -1}  ^^      cessity   of  having  a 

reservoir  of  water 
higher  than  the  top 
of  the  boiler  ;  for  it 
is  well  known,  that 
the  usual  atmosheric 
pressure  is  capable  of 
,  column  of  water  in  a  vacuum  to  about 
height,    varying,    however,    with    the 


degree  of  pressure  shown  by  the  barometer. 

The  water  in  the  longer  pipe  b  will  ac<|uire  a 
prei>onderance  of  weight  over  that  in  the  pipe  A 
even  if  it  be  at  first  of  an  equal  temperature  and 
density  ;  because  the  pipe  r  only  receives  the  par- 
ticles of  hot  water  which  rise  iraraediatcl}-  under 
its  base,  while  the  other  receives  the  heat  from  oU 
parts  of  the  bottom  as  well  as  the  sides  of  the 
boiler ;  the  water  on  the  top  being  hotter  than 
that  at  the  bottom.  But  as  soon  as  the  water  cir- 
culates through  the  pipes,  it  parts  with  its  heat, 
and  the  whole  length  of  the  pipe  b  will  then  be 
colder  than  the  pijie  A,  and  the  water  will  descend 
through  B  with  greater  force. 

In  consequence  of  the  long  pipe  n  being  sur- 
rounded by  the  hot  water  in  the  boiler,  the  water, 
while  descending  through  it,  receives  a  small  porticm. 
of  heat,  which  lessens  the  ditlerence  of  temperature 
between  the  two  pipes,  and  reduces  the  velocity 
of  the  circulation.  It  appears  probable,  therefore, 
that  additional  velocity  of  circulation  would  be 
gained  by  placing  the  descending  pijK!  n  outride 
the  boiler,  and  attaching  it  to  the  side  in  the  game 
manner  as  the  reium-pipe  in  fig,   5.     The  prin- 
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nl  inconvenience  attending  this  would  be  the 
Eculty  of  stopping  the  encis  of  the  two  pij)es  a 
,  which  is  now  done  by  the  simple  con- 
jvance  of  a  plate  screwed  moveahly  to  the  base 
t  each  of  the  pipes,  by  means  of  an  external  rod 
passing  over  the  pipes  a  and  b,  with  a  screw 
attached  on  the  top ;  and  by  turning  this  the  plate 
is  drawn  up  into  close  contact  with  the  end  of 
the  pipe.  This  completely  stops  the  water  when 
necessary,  the  ends  of  the  pipes  being  turned  true 
to  the  plates,  to  make  them  water-tight ;  and  by 
reversing  the  action  of  the  pump,  attached  to  the 
pipe  X,  and  thus  making  it  into  a  force-pump,  the 
souodness  of  the  joints  can  then  be  ascertained. 
A  leaky  joint  is  difficult  of  detection  by  any  other 
means,  as  there  is  no  emission  of  water  from  it  in 
the  usual  way.  The  only  immediate  consequence 
of  a  leaky  joint  is  the  imraission  of  air,  and  it  is  not 
observable  except  by  its  stopping  the  circulation  of 
the  water,  which  occurs  by  the  air  accumulating 
and  cutting  off  the  connexion  of  the  water  between 
the  two  pipes. 

If  this  plan  of  having  the  return-pipe  placed  out- 
'i  the  lioiler  were  foimd  to  increase  the  motive 
wer  of  the  apparatus,  an  advantage  would  lie 
ned  in  all  those  cases  where  the  pipes  are 
'.  to  pass  under  a  doorway,  because,  in  all 
L  cases,  the  laoiler  for  this  apparatus  must  be 
"i  further  below  the  level  of  the  floor  than 
I  required  for  the  common  hot-water  apparatus, 
pt  by  increasing  the  motive  power,  a  less  height 
puld  be  sufficient ;  and  it  would  therefore  prevent 
:  inconvenience  sometimes  found  to  attend  this 
ticular  form  of  the  apparatus,  arising  from  the 
;  depth  the  furnace  is  required  to  be  sunk 
ith  the  level  of  the  pipes,  in  consequence  of 
!  very  large  size  of  the  boiler  which  is  generally 
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(118.)  A  singular  fact  is  connected  with  tliii 
invention,  which  deserves  notice,  because  it  arises 
from  11  philosophical  principle,  which,  in  boim 
other  instances,  has  been  applied  in  a  most  useful 
manner ;"  though,  with  this  particular  invention, 
it  is  rather  disadvantageous  than  otherwiec.  It 
has  already  been  stated,  that  the  height  to  which 
the  water  will  rise  in  a  vertical  column,  by  the 
atmospheric  pressure,  is  about  30  feet  above  tbc 
boiler.  Supposing  this  to  be  the  extreme  limit  to 
which  the  water  will  ascend  in  the  pipes,  the 
Bhghtest  elevation  above  this  will  cause  a  vacuum 
to  be  fniTued,  similar  to  that  at  the  top  of  a  baro- 
meter, and  the  water  at  tlie  top  of  the  pipe  will, 
in  this  case,  be  without  any  pressure.  But  if, 
instead  of  30  feet,  the  pijie  be  continued  upwards 
only  16  feet,  then  the  pressure  on  the  water,  in 
the  upper  part  of  the  pipe,  will  be  7^  lbs.  on  the 
square  inch,  or  half  the  usual  atmospheric  pres- 
sure ;  and  so  on  for  other  heights.  Now,  the 
boiling-point  of  all  liquids  varies  with  the  pres- 
sure. Water  boils  at  212",  under  the  mean  pres- 
sure of  15  lbs.  per  square  inch;  but  by  reducing 
the  pressure,  it  boils  at  a  lower  temperature  ;  ho 
that  at  half  the  mean  pressure  of  the  atmosphere 
it  boils  at  about  186".  Suppose  now  that  the 
pipes  just  descrilwd  rise  30  feet  above  the  boiler, 
the  water  at  the  top  will  boil  at  the  temperature 
of  161°,  and  will  form  steam  in  the  upper  part  of 
the  pipe  ;  and  this,  by  its  great  expansion,  will 
force  the  water  down  and  overflow  the  lioiler  or 
the  supply  cistern.  For,  at  the  ordinary  pres- 
sure  of    the    atmosphere,    steam    occupies    about 

*  The  boiling  of  liquids  in  vacuo  ie  well  kuoWD,  and  hu 
been  moat  eiteusively  applied  in  miiny  caeea.  The  boiliug  of 
BUgar  in  Tacmim-paua  is  one  of  tlie  most  successful  appli- 
cations of  scienue  to  the  arts  which  modero  times  bas  pro- 
duced. 
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1,700  times  as  much   space   as    the  water  from 

■"' '  *i  «  ifl  fonned.  and  still  more  at  a  tiiminislied 

its  expansion    being    inverseJr   as   tiie 

When  the  pipes  rise  to  other  heiglits 

t  the  boiler  than  that  described   aborCj  the 

^-points  will  be  as  follows: — 

At  5  fwt  high,  the  boOiag-point  will  b«  208* 

" 195* 

196' 

178* 

169" 
161' 

Ibercfore  the  water  in  the  boiler  must  always  be 
pt  below  these  temperatures,  according  to  the 
'ght  to  which  the  pipes  ascend.* 

nis  peculiarity,  which  applies  only  to  pi]>e3  on 

\  siphon  principle,  is  more  a  philosophical  fact 

than    a   practical    difficulty  ;    for  the   water  can 

generally  be  kept   at  a  temperature  sufficiently 

I     ujw   for  any   ordinary    height    that    is    required. 

^^^d,  in  fact,  the  boiling-point  will  geneniily  be 

^^ngher  than  the  temperatures  here  stated  because  a 

^^nall  portion  of  air  always  remains  in  the  pipes, 

which  increases  the   pressure  on  the    water,  and 

*  These  calcalatious  are  made  by  WoUastoa's  rule  for  bis 
mometrio  barometer.  But  tbis  rnle,  although  accurate  at 
lerstel;  small  diSeieDces  of  pressure,  beaomes  en-oneons  at 
t&siderabia  redtiatious  of  pressure.  Profe3Bor  RnbiaoD  esti- 
Mtes  the  boiUag-poJQt  of  water  in  vacuo  at  only  88",  instead 
F 161",  which  the  above  calculEition  shows ;  aud  it  is  probable 
that  the  relative  proportion  between  the  pressure  and  tba 
boiling-poiat  is  in  a  logarithmic  ratio,  inste^id  of  the  oommon 
uitlimetic&l  proportion  of  Wollastou's  rule.  This,  iu  fact,  Is 
band  to  be  the  case  at  temperatures  above  1212".  But  it  ia 
robable  that,  in  the  present  case,  Wollaston'a  rule  will  give 
Pmore  accarate  result  than  the  other,  because,  as  the  vacuum 
I  the  pipes  cannot  be  at  all  perfect,  the  boiling-points  wUl 
t  much  higher  than  the  calculated  temperature ;  perhaps 
3  higher  than  stated  in  the  text.  See  liolnson's  Meelianuat 
ioKtphy,  vol.  ii..  pp.  22 — 87 ;  and  Wollaston  "  On  the  Ther- 
tetxia  Baiometer,"  FhUosophuial  Tramacliom,  1817,  p.  188. 
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makes  the  boiling-point  higher  than  the  calculated 
amount.  This  form  of  the  apparatus  answers  the 
intended  purpose  when  worked  Avith  care,  and  is  a 
very  ingenious  a]>pIication  of  scientific  principles  ; 
but  it  requires  more  care  in  working  than  the 
ordinary  apparatus,  and  is  now  comparatively  hut 
little  used. 

(119.)  The  next  invention  which  we  shaU  con- 
eider  is  the  High-Pressure  hot-water  apparatus.* 
This  apparatus  consists  of  a  coil  of  small  iron 
pipe,  built  into  a  furnace,  the  pipe  being  continued 
from  the  upper  part  of  the  coil,  and  passes  round 
the  room  or  building  which  is  to  be  wanned, 
forming  a  continuous  pipe  when  again  joined  to 
the  bottom  of  the  coil.  The  diameter  of  this  pipe 
is  one  inch  externally,  and  half  an  inch  internally. 
A  large  pipe,  of  about  two  and  a  half  inches 
diameter,  is  connected  in  some  part  of  the 
circulation,  either  horizontally  or  vertically,  with 
the  small  pipe,  and  is  placed  at  the  highest  point 
of  the  apparatus.  This  large  pipe,  which  is  called 
"  the  expansion  pipe,"  has  an  opening  near  to  its 
lower  extremity,  by  which  the  apparatus  la  filled 
with  water,  the  ajiperture  being  afterwards  secured 
by  a  strong  screw  ;  but  the  expansion  pipe  itself 
cannot  be  filled  higher  than  the  opening  just 
named.  After  the  water  is  introduced,  the  screws 
are  all  securely  fastened,  and  the  apparatus  be- 
comes then  hermetically  sealed.  The  expansion 
pipe,  which  is  thus  left  empty,  is  calculated  to 
hold  about  ^  as  much  water  as  the  whole  of  the 
small  pipes  ;  this  lacing  necessary  in  order  to  allow 
for  the  expansion  that  takes  place  in  the  volume 
of  the  water  when  heated,  and  which  otherwise 
would  inevitably  burst  the  jupes,  however  strong 
they  may  be.  For  the  ex])an8ive  force  of  water  is 
almost  irrepressible,  in  consequence  of  its  [wssess- 
•  Rtptrtwy  of  Am,  it.,  vol.  siii.  (1882),  p.  129. 
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ing  but  a  very  small  degree  of  elasticity  ;  and  the 
increase  which  takes  place  in  its  volume,  by  raising 
the  l«mi)eratnre  from  39°  (the  point  of  greatest 
condensation)  to  212",  is  equal  to  about  ^  P»rt  of 
its  bulk,  and  at  higher  temperatures  the  expansion 
proceeds  still  more  rapidly.* 

The  teraperatui-e  of  these  pipes,  when  thus 
arranged,  ciin  be  raised  to  a  very  great  extent ; 
for,  being  completely  closed,  and  all  communi- 
cation cut  off  from  the  atmosphere,  the  heat  is 
not  limited,  as  usual,  to  the  |)oint  of  212",  because 
the  Bteam  which  is  fbrmei;l  is  prevented  from 
.ping,  as  it  does  in  tbe  common  forui  of  hot- 
■Trater  apparatus.  The  most  important  considera- 
tion respecting  it,  however,  is  tbe  question  as  to 
its  gaiety  ;  for  most  persons  are  aware  that  steam, 
when  confined  beyond  a  certain  point  of  tension, 
becomes  extremely  dangerous  ;  and  in  this  ap- 
paratus the  bounds  of  what  hitherto  has  been  used 
in  other  cases  are  very  far  exceeded. 

(120.)  On  tbe  first  introduction  of  this  plan,  it 
was  usual  to  make  tbe  coil  consist  of  one-fourth 
part  of  the  total  quantity  of  pipe  which  was  used 
in  tbe  apparatus  ;  and  it  was  considered  that, 
*.vhen  this  pro[)ortion  was  observed,  the  heat  of 
the  pipes  could  not  be  raised  so  Iiigh  as  to 
endanger  them  by  bursting.  But  in  practice 
this  has  not  always  proved  a  preventive  to  acci- 
dent, even  when  the  proportion  which  the  coil 
to  tbe  radiating  surface  is  much  smaller 
ia  here  mentioued.f 

a  Tftble  IV.,  Appendix.  The  force  which  wonlJ  be 
on  the  pipes  hj  this  expansion  of  ,'j  of  the  voliime  of 
^r  would  be  equal  to  14,121  Iba.  per  square  inch, 
ig  to  the  esperiments  of  Professor  CErstead.  liepart, 
\  tieimitific  Auocialioii,  vol.  ii.,  p.  863. 
\  The  apeoification  to  the  patent  for  this  invention  states, 
!ltt  wbcD  the  radiating  surface  is  three  times  that  of  the  coil, 
10  p^es  cannot  hoist.     It  has,  however,  been  found  nei 
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The  average  temperature  of  these  pipes  is 
stated  to  be  generally  about  350"  of  Fahrenheit, 
But  a  most  material  difference  of  tera[teratiire 
occurs  in  the  several  parts  of  the  apparatus,  the 
difference  amounting  sometimes  to  as  much,  as 
200°  or  300".  This  arises  from  the  great  resist- 
ance which  the  water  meets  with,  in  consequence 
of  the  extremely  small  size  of  the  pipes,  and  also 
from  the  great  number  of  bends,  or  angles,  that 
of  necessity  occur,  in  order  to  accumulate  a  suffi- 
cient quantity  of  pipe.  !n  these  angles,  the  bore 
of  the  pipe,  already  extremely  small,  is  still  fur- 
ther reduced,  which  causes  the  water  to  flow  so 
very  slowly,  that  a  great  portion  of  its  heat  is 
given  out  long  before  it  has  circulated  round 
the  building  which  is  to  be  warmed.  The  tem- 
perature of  the  coil,  however,  is  what  we  must 
ascertain,  if  we  wish  to  know  the  pressure  this 
apparatus  has  to  sustain,  and  thence  to  judge 
of  its  safety :  for,  by  the  fundamental  law  of  the 
equal  pressure  of  fluids,  whatever  is  the  greatest 
amount  of  jjressure  on  any  part  of  the  apparatus 
must  also  be  the  pressure  on  every  other  part. 

(121.)  Now  the  temperature  of  this  apparatus 
is  found  to  vary,  not  only  with  the  intensity  of 
the  heat  of  the  furnace,  but  also  with  the  propor- 
tion which  the  surftice  of  the  coil  bears  to  the 
surface  of  the  pi])e  whicli  radiates  the  heat.  In 
some  apparatus,  if  that  part  of  the  pipe  which  is 
immediately  above  the  furnace  be  filed  bright, 
the  iron  will  become  of  a  straw  colour,  which 
proves  the  temperature  to  be  about  450".*  In 
other     instances    it    will    become    purple,    which 

Bary  greatly  to  inoreasB  the  proportion  of  radiating  surfoM,  in 
order  to  prevent  tlie  bursting  by  escoesivo  pressure ;  aad  UiA 
radjatiug  surface  is  now  frequently  made  r«'i  times  Ui&t  of  UiA 
coil  in  ilie  fiunace,  in  order  to  eooure  its  safety. 
*  3ee  Table  VI.,  Appendix. 
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shows  the  temperature  to  be  about  530° ;  while, 
in  some  cases,  it  will  become  of  a  full  blue  colour, 
which  proves  that  the  temperature  is  then  560". 
By  this  means  the  pressure  on  the  pipes  may  be 
known  ;  for,  as  there  is  always  steam  in  some 
part  of  the  apparatus,  the  pressure  may  be  calcu- 
lated so  soon  as  the  temperature  is  ascertained. 
By  referring  to  Table  I.  in  the  Appendix,  we 
shall  find  that  a  temperature  of  450"  produces  a 
pressure  of  4i0  IIjs.  per  square  inch,  while  a 
tCDiperatiu"e  of  530"  makes  the  pressure  900  lbs. ; 
and  when  it  reaches  560",  the  pressure  is  then 
1,150  lbs.  per  square  inch. 

(122.)  Those  who  are  acquainted  with  the  work- 
ing of  steam-engines  are  aware  that  a  pressure  of 
three  or  four  atmospheres  is  considered  as  the 
maximum  for  high-pressure  boilers :  but  we  see 
that  in  this  apparatus  the  pressure  varies  from  ten 
times  to  twenty  times  tliat  amount.  And  it  will 
also  be  borne  in  mind  that,  in  consequence  of  the 
extremely  small  quantity  of  water  used  in  these 
pipes,  the  slightest  increase  in  the  heat  of  the 
nirnace  wjll  cause  an  immediate  increase  in  the 
iresBure  on  the  whole  apparatus.  For  it  appears, 
a  reference  to  the  Table  last  mentioned,  that 
the  temperature  of  the  pipes  be  increased  50° 
ibove  the  amount  before  stated,  the  pressure  will 
raised  to  1,800  lbs.  per  square  inch  :  and  by  in- 
creasing the  temperature  40°  more,  the  pressure 
will  \ie  immediately  raised  to  2,500  lbs,  per  square 
inch ;  so  that  any  accidental  circumstance,  which 
causes  the  furnace  to  burn  more  briskly  than  usual, 
floay,  at  any  moment,  increase  the  pressure  to  an 
iCDse  amount.* 

•  This  increased  pressure  is  also  extremely  likely  to  occur 
in  this  apparatus  wIjqd  a  portion  of  the  pipe  is  occasionally  shut 
off  by  nioana  of  (>ockB  or  valves.  In  this  case  the  coil  in  the 
fomace  becomes  too  ponerfnl  for  the  apparatus,  and  an  explo- 
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(123.)  The  pipes  which  are  used  for  this  appa- 
ratus are  stated  to  be  proved  with  a  pressure  of 
2,800  lbs.  per  square  inch,*  This  is  very  probable: 
for  as  wrought  iron  of  the  best  quality  requires  a 
longitudiniil  strain  of  5.5,419  lbs,  to  break  a  bar  one 
inch  square,  so  the  force  necessary  to  break  a 
wrought-iron  pipe  of  one  inch  diameter  externally, 
and  half  an  inch  diameter  internally,  would  be 
13,8.i2  lbs.,  which  is  equal  to  8,822  lbs.  per  square 
inch  on  the  internal  diameter.  But,  on  account  of 
the  strain  on  these  pipes  licing  transverse  to  the 
grain  of  the  iron,  and  also  in  consequence  of  the 
welded  joint  of  the  pipe  not  being  so  strong  as  the 
solid  metal,  these  pipes  will  not  Ijear  anything 
like  the  calculated  amount  of  pressure.  It  is 
evident,  however,  that  no  ordinary  force  can  buret 
them  ;  but,  as  this  casualty  does  sometimes  occur, 
this  great  strength  of  the  materials  proves  the  im- 
possibility of  regulating  the  temperature  in  her- 
metically sealed  pipes,  so  aa  to  keep  the  expansive 
force  of  the  steam  within  even  this  immense 
limit. 

(124.)  Although  this  description  of.  apparatus 
has  been  erected   by  many  ditfereut    individuals, 

{lossessing  various  degrees  of  mechanical  know- 
edge,  and  severally  performing  their  work  with 
different  degrees  of  excellence,  much  uniformity 
appears  in  the  result,  in  those  cases  where  failure 
has  occurred.  From  a  comparison  of  a  numljer  of 
cases  where  accidents  have  happened  to  apparatus 
erected  on  this  system,  more  than  one-half  have 

sion  is  thea  very  likely  to  oconr,  iiulesa  tho  utmost  c&utioti  be 
observed  in  regulating  tho  tire.  This  sotirce  of  dangor  is  peou> 
liar  to  the  high-preasure  system  of  lieatiog,  and  docs  not  at  all 
apply  to  any  of  the  otlier  plana  which  Lave  bean  described. 

*  Aa  pipea  are  always  proved  when  they  are  cold,  this  does 
not  at  all  show  the  strain  they  will  benr  when  healed.  On 
this  enbjeot  see  the  following  Mote. 
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1  firom  the  burstinjr  of  the  coil,  notwithstand- 

ng  the  increased  size  of  the  expansion  pijw  renders 

TiiB  latter  apparently  the  weakest  part  of  the  nppa- 

i  ;    the  relative    strenrjth  of  pipes,    witli   the 

thickness  of  metal,  being  inversely  as  their 

meterB. 

(125.)    The  cause  of  the  explosions  occurring 
:ipally  in  the  coil  is  Giving  to  the  iron  becom- 
tag  weaker  in   proportion    as    its   temj)erature  is 
msed  ;  30  that,  as  the  pressure  increases,  the  iron 
"flecreases  in  strength  to  resist  the  strain.*  Another 
circumstance  also  tends  to  produce  the  same  effects. 
It  is  found,  on  breaking  one  of  these  pipes,  after  it 
^^U8  been  used  for  some  time  in  or  near  the  fire, 
Hput  the  iron  has  lost  its  fibrous  texture,  and  that 
HR  presents  a  crystallized    appearance,  sirailai-  to 
^^fhat  is  known  as  "cold  short  iron."     This  sin- 
fpilar   change   in   the    texture  of   iron   has   been 
noticed  in  other  instances,      ilr.   Lowe  {Report, 
British  Scietiiijlc  Association,  1834)  has  found  tliat 
"WTought-iron  at  a  red  beat,  exposed  to  the  steam 
of  water  for  a  considerable  time,  becomes  crystal- 
lized ;    and    in   many  other   instances   also,  even 
without  the  presence  of  ateara,  the  same  effect  has 
been  observed.      The  cause  of  this   phenomenon 
3  not  been  clearly  ascertained  ;  but,  whatever  it 


m*  The  temperature  of  maximum  etrengtb  for  cast  iron  has 

leo  estimated  at  about  300^;  but  the  "  Committee  od  the 

[plosiou  of  Steam -Boilers,"  appointed  by  the  Franklin  InBti- 

■  m.  consider  that  the  maximum  for  wrought  iron  is  higher 

D  thU,  and  that  572°  may  be  considered  as  tlie  temporature 

t  maximum  Btrength.     After  the  temperatnre  of  maximnm 

mgth  is  once  paased,  the  decrease  in  the  strength  of  wrought 

D  iaconBiderabie  :  at  a  red  heat,  or  about  800%  it  loses  aboat 

e-fifth  of  itB  strength.     The  maximum  strength  of  copper, 

on  the  contrary,  is  at  a  very  low  temperature  ;  for  the  atrcogth 

iucreaac^  with  every  reduction  of  temperature  down  to  32", 

whiefa  is  the  lowest  that  has  been  tried.     See  Chapter  XXL, 

^MTt.  £S5  and  260. 
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raay  be,  the  effect  undoubtedly  is  to  weaken  the 
tenacity  and  cohesive  strength  of  the  metal  to  a 
very  great  extent.* 

(126.)  But  we  shall  find  that,  enormous  as  the 
pressure  appears  to  be,  with  which  these  pipes  are 
proved,  it  is  not  adeciuate  to  the  working  pressure 
which  they  sometimes  have  to  resist.  It  has  been 
ascertained  that  the  strength  of  ^vrought-iron 
decreases  considerably  at  temperatures  above  572", 
and  as  it  also  loses  a  great  deal  of  its  strength 
when  it  assumes  the  crystallized  state,  varying 
with  the  circumstances,  and  sometimes  amounting 
to  three-fourths  of  its  original  strength,  it  will 
appear  that  the  proof  pressure,  when  cold,  for 
pipes  which  are  to  be  used  in  this  kind  of  apparatus 
ought,  in  fact,  to  be  much  greater  than  the  amount 
to  which  they  are  actually  proved  j  and  hence  the 
cause  of  these  pipes  bursting  after  they  have  been 
in  use  for  some  considerable  time,  if  they  happen 
accidentally  to  get  heated  to  very  high  tem- 
peratures. 

(127.)  The  question  has  soraetimea  been  asked, 
What  would  he  the  effect  on  this  apparatus  if  the 

*  The  author,  in  a  paper  which  was  read  before  the  Inatito* 
tion  of  Civil  Engiueers  (Minntet  of  the  IrulUiauiit,  June,  I8i2)i 
endeavoured  to  trace  the  cause  of  the  extraordinary  changa 
which  iron  undergoes  in  these  and  Bome  otlier  circumstances. 
Percussion  at  certain  high  tomperaturos  produces  an  instantft- 
Qeoas  change,  and,  at  lower  temperatures,  longer- con  tinned 
perciisaion  produces  the  same  effect.  Healing  and  rapid  cooling 
likewise  produce  crjstnllizatioD  ;  and,  iu  every  case,  magnetieni 
appears  to  accompany  the  phenomena ;  but  whether  as  cause 
or  effect  is  not  easy  to  determine.  The  subject  is  altogether 
of  great  interest,  both  in  a  practical  and  in  a  scientific  point 
of  view  ;  and  experiments  on  a  large  scale  are  in  progreas  in 
order  to  determine  the  question.  Other  metals  besides  iron 
are,  probably  to  some  extent,  aJTeeted  in  a  similar  manner ; 
and  it  is  probable  that,  under  certain  circumstances,  Hponta- 
neous  change  in  the  molecular  structure  of  iron  oocars,  thoagh 
far  more  slowly  than  by  the  action  of  percussion  and  he*t. 


this  i 
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expansion- pipe  were  to  be  filled  with  water,  as 
well  as  the  small  circulatoiy  pipe  ?  The  almost 
immediate  consequence  wouM  be  the  bursting  of" 
the  pipes ;  for  ecarcely  anything  can  resist  the 
esjianeive  power  of  water.  The  force  necessary 
to  resist  it3  expansion  is  efjual  to  that  which  is 
required  for  its  artificial  condensation.  Now,  at 
the  temperature  of  386",  water  ex|)ands  rather 
more  than  ,j  of  its  bulk;  and  to  condense  water 
this  extent  (Note,  Art.  12)  reijinrts  a  pressure  of 
,27,10i  lbs,  jjer  square  inch;  therefore,  the  bursting 
~"  ssure  at  this  temperature  wouhi  l>c  enormous. 
the  pi{)es  were  tilled  completely  full  of  cold 
IWatcr,  without  allowing  any  room  for  expansion, 
and  if  they  were  then  hermetically  sealed,  an 
before  described,  hy  increasing  the  temperature  of 
ihe  water  only  aWut  60°,  the  expansion  of  the 
water  would  cause  a  pressure  of  2,000  lbs.  per 
Equam  inch  on  every  part  of  the  apparattu, 
reckoned  by  the  internal  measurement. 

(12K.)  The  assertion  has  often  been  made,  that 
the   heated  fluid    cijntained  in  an  apparatus  c<m- 
icted  on   Uiis  plan  will  not   scald,  even  if  the 
should  chance  to  kurttt,  because  fagh-preMsttre 
it  is  well  known,  is  not  injurious  in  this 
But  ihiA  i«  quite  a  mistaken  notion  ;  for 
pceasare  hot  water  will  scald,  tbouj^h  high- 
re  ncsm   will   not  :    and   the    Quid   wLudl 
tBstie  throtigh  any  fissure  that  might  ooear 
•e  |Npe*  ooold  only  be  partuHy  oonverted 
ataam,  onkM  its  letDperamre  were  M  least 
I*.     Tbu  is  ohvioody  tmpomakie;  were  k  the 
the  wsier  would  be  all  coorerted  into  steam 
oaot  that  h  iwoed  bom  the  pipe.    The 
that  h^-preaann  Meam  does  do«  tcsid  is 
ID  oooseqoeooe  of  its  CMfaatj  for  latent  heat  bcng 
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this  lowers  its  sensible  temperature,  and  causes  it 
to  abstract  Heat  from  everything  that  it  comes  in, 
contact  with.  The  scalding  effect  of  high-preesure 
hot  water,  on  the  contrary,  when  suddenly  pro- 
jected from  a  pipe  or  Iioiler  by  exjjlosion,  will 
always  be  the  same,  wliatever  its  temperature 
may  be  while  confined  mthin  the  pipe  ;  for,  the 
instant  it  ia  liberated,  a  portion  of  it  is  converted 
into  steam,  and  the  remainder  sinks  to  the  tem- 
perature of  about  212". 

(129.)  Among  the  advantages  which  have  been 
Buppoeed  to  arise  from  the  use  of  tliie  invention, 
it  has  I)een  imagined  that,  in  consequence  of  the 
quantity  of  water  which  the  pipes  contain  being 
60  small,  the  consumption  of  coal  would  be  leas 
with  this  than  with  any  other  description  of  hot- 
water  apparatus.  We  have  seen,  however  (Art, 
114),  that  the  quantity  of  coal  which  is  used  is  in 
proportion  to  the  hcfit  that  is  given  off  in  the  room 
that  is  warmed ;  and  a  reference  to  the  Table 
(Art.  114)  will  show  that  the  size  of  the  pipe 
makes  no  differcnce  in  the  consumption  of  coal 
per  hour,  provided  the  same  effect  is  required  to 
be  produced,  the  oidy  tlitference  being  in  the 
lengtli  of  time  required  to  warm  the  water  in  the 
first  instance.  But  there  will,  on  the  contrary, 
be  a  greater  exi>en<liture  of  fuel  in  this  apparatus, 
in  consequence  of  the  coil  affording  less  surface 
for  the  fire  to  impinge  against  than  would  he 
obtained  by  using  a  boiler.  In  addition  to  this, 
the  colder  any  surface  may  be  when  exposed  to 
the  action  of  a  tire,  the  more  heat  will  it  receive 
in  a  given  time  ;  therefore,  as  the  heat  of  these 
pipes  ia  nearly  three  times  as  great  as  that  of  a 
boiler,  there  must  l)e  a  waste  of  fuel  from  LhiB 
cause. 

(130.)  In  consequence  of  the  Intense  heat  of 
these   pipes,   it   is   sometimes  Jbnn<l    that  rooms 
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I  "which  are   heated  by  them  have  the  same  dis- 

i  agreeable  anrl   iinwhnlesome  smell  -n-hich    results 

llrom   the    use    of    hot-air   stoves    :iu(l  fluos.      In 

I  reality,  the  cause  is  the  same  in  both  cases  ;    for 

lit   arises   partly   frtjiii   tlie   decomposition  of   the 

Iparticles   of    animal    and    vegetable    matter    that 

|e»ntinually    float   in    the   air,  and  partly  Irom  a 

change  which  atmospheric  air  undergoes  b)'  [)a8S- 

*jig  over  intensely  heated  metallic  surfaces.     The 

E«]ectric  state  of  the  air  is  likewise  altered  by  highly 

*  heat«d  metallic  siirfiices.  and  exerts  an  important 

efltect  on  all  animal  bodies  exposed  to  its  influence. 

Some  experiments  on  this  subject  are  recorded  in 

the  Pbilnsnphical  Transactions  of  the  Royal  Society 

(Vol.  XXVU.  p.  199).     Also  Inthe  year  1874  the 

French  Royal  Academy  appointed  a  commission  to 

examine  the  effect  produced  on  atmospheric  air  by 

cast  iron  surfaces,  made  red  hot.     Rabbits  were 

made  to  breathe  air  passed  over  stoves  of  cast  iron 

heated  to  redness  ;    and  afterwards  chemical  cx- 

I  Btnination  of  the  blood  of  the  animals  was  made  to 

,  ascertain   the   presence    of    carbonic   oxide.     The 

I  Corattiissioners   reported    that    "  the    experiments 

made  upon  rabbits  do  not  permit  us  to  fix    with 

any  precision  the  proportions  of  carbonic  oxide 

I  absorbed  by  their  Itlood,  nor  that  of  the  oxygen 

*^iich  has  been  expelled  from  it  ;  but  the  results 

I  all  agree  to  shew  tliat  the  use  of  stoves  of  cast  iron 

.  heated  to  a  red  heat,  causes  in  the  blood  (by  the 

[  presenceofcarbonicoxide)  agaseminently poisonous, 

I  and  causes  changes  whose  repetition  may  become 

[  dangerous."     Whether  wrought  iron  produces  tlie 

same  effect  is  not  clfarly  ascertained. 

(131.)  The  high  temperature  of  these  pipes, 
'  and  the  intensity  at  which  the  heat  is  radiated 
I  from  them,  have  sometimes  been  urged  as  an 
'  otgection  against  this  invention,  when  applied  to 
ticultural   purjioses  because  any  plants  which 
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are  placed  within  a  certain  distance  of  them  ore 
destroyed.  Although,  no  douht,  this  effect  really 
takes  place,  it  can  be  easily  avoided  with  proper 
care  ;  for,  as  radiated  heat  decreases  in  inteuslty 
as  ike  square  of  the  distance,  it  only  requires  that 
the  jitnjits  should  be  placed  farther  off  from  these 
pipes  than  from  those  which  are  of  a  lower  tern- 
peniture.  la  comparing  the  effect  of  two  dif- 
ferent pipes,  if  one  be  four  times  the  heat  of 
the  other  (deducting  the  temperature  of  the  air 
in  both  cases),  the  plants  must  be  placed  twice 
as  far  off  from  the  one  as  from  the  other,  in 
order  to  receive  the  same  intensity  of  heat  from 
each.  The  only  inconvenience,  therefore,  is  tho 
loss  of  room,  which  in  some  cases  may  not  be  of 
much  importance.  But  a  more  serious  objection 
by  far  appears  to  lie  in  the  inequality  of  tem- 
perature which  any  building  heated  by  these 
pipes  must  have,  in  consequence  of  their  being  so 
very  much  hotter  in  one  jiart  than  in  another. 
This  difference  of  temperature  between  vorioue 
parts  of  the  same  apparatus  has  already  been 
stated  to  amount,  in  some  cases,  to  as  much  as 
200°  or  300°  ;  varying,  of  course,  with  the  length 
of  pipe  through  which  the  water  passes.  From 
what  has  been  stated  in  Chapter  IV.,  it  will  also 
be  observed  that,  owing  to  the  smaliness  of  these 
pipes,  this  kind  of  apparatus  cools  so  rajndly  when 
the  fire  slackens  in  intensity,  that  the  heat  of  a 
building  which  is  warraed  in  this  manner  will  bts 
materially  affected  by  the  least  alteration  in  the 
force  of  the  fire,  instead  of  maintaining  that  perma- 
nence of  tem]wrature  which  is  so  peculiarly  the 
characteristic  of  the  hot-water  ajiparatus  with  largo 
pipes, 

(132.)  This  iuvention  undoubtedly  exhibits  great 
ingenuity :  and  could  it  be  rendered  safe,  and  ita 
temperature  be  kept   within  a  moderate  limit,  it 
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I  would  be  an  acquisition  in  many  cases,  in  conse- 
I  qiience  of  its  facile  mode  of  adaptation.  Its  safety 
I  would  perhaps  be  best  accomplished  by  placing  a 

valve  in  the  expansion-pipe,  which,  from  its  large 
I  me,  would  be  less  tikely  to  fail  of  performance  than 
I  one  inserted  in  the  smaller  pipe.  If  this  valve  were 
1 10  contrived  as  to  press  with  n  weight  of  135  lbs. 
I  per  square  inch,  the  temperature  of  the  pipes  would 
laot  exceed  350°  in  any  part  ;  the  pressure  would 
■  then  be  nine  atmospheres,  which  is  a  limit  more 
^  than   sufficient  for  any  working  apparatus  where 

safety  is  a  matter  of  importance. 

(133.)    A    raoditication   of    this    apparatus   was 

Sroposed,  and  a  patent  taken  out  in  1832,  by  Mr. 
[olmes,  for  using  oil  instead  of  water.*     As  fixed 
toils  boil  only  at  very  high  temperatures,  it  was 
rtnpposed  there  would  be  no  liability  to  bursting 
pparatus,  as    the  temperature  could    not  be 
raised  sufficiently  liigh   to    produce  any  pressure 
l»imilar  to  that  from  steam.     The  temperature  pro- 
losed  to  be  employed  was  about  400'^',  but  the  plan 
aitirely  failed,  in  conserjuence  of  oil,  when  exposed 
very    high   temperatures   for  any  considerable 
length  of  time,  becoming  thick  and  viscid,  finally 
losing  its  fluidity,  and  becoming  a  gelatinous  mass. 
jDf  course,  under  these  circumstances,  no  circulation 
fthe  oil  could  lie  produced,  so  as  to  render  the 
ipparatus  practically  useful. 
(134.)  A  patent  was  also  taken  out  in  December, 
&866,  by  Mr.  John  A.  Coffey,  for  using  distilled 
jpiineral  oil,  very  nearly  in  the  same  manner  as 
i«l)ove  described.     This  mineral  oil,  when  properly 
distilled,  is  not  inflammable,  and  it  may  be  heated 
to  nearly  1000°  Fahrenheit  witlioui  producing  any 
Treasure  in  the  pipes,  and  still  retain  its  fluidity. 
"he  death  of  the  inventor,  and  other  circumstances, 
IBTC  hitherto  prevented  the  general  use  of  this 

•  Hfptrlnr-/  of  Am,  rfc,  vol.  %\.  (1888),  p.  79. 
L  2 


148  THE   HIGH-rRESSURB   STSTEM. 

invention,  beyond  a  few  isolated  experiments  ;  but 
it  appears  to  possess  points  of  g;reat  utility  where 
intense  heat  is  re(|uired.  The  author  has  heated  the 
refined  mifieral  oil  up  to  800"  Fahrenheit,  without 
producing  any  sensible  pressure  on  the  apparatus. 
The  only  inconvenience  appeared  to  be  that  by 
long  continued  boiling  at  these  intense  temperatures 
the  oil  deposited  slightly  a  black  sediment  like 
powdered  charcoal.  This  might  endanj^r  the 
stopping  up  the  pijiea  of  very  small  bore,  unless 
some  special  provision  were  made  for  its  removal. 
The  sediment  appears  to  be  heavier  than  the  oil, 
and  would  probably  settle  in  the  lowest  jiarts  of  the 
apparatus.  There  is  also  a  mechanical  difficulty  in 
making  the  various  joints  of  the  apparatus  sound 
at  these  extreme  temperatures,  notwithstanding 
there  is  no  presstire  exerted  by  the  fluid. 

(135.)  An  apparatus  of  a  totally  diiferent  cha- 
racter from  the  preceding  follows  nest  to  be 
described.  It  is  an  invention  which,  at  first, 
appears  to  be  singularly  at  variance  with  the 
general  principles  that  have  been  laid  down  in 
Siis  treatise.  But,  however,  its  mode  of  action 
may  at  first  appear  to  differ  from  the  principles 
which  have  Ijeen  explained,  it  is  certain  that  if 
these  jirinciples  are  derived  from  the  laws  of 
Nature,  they  must  act  equally  at  all  times  and 
under  all  circumstances  ;  for  the  ojieration  of  the 
physical  laws  can  never  be  suspended,  though 
they  may  be  occasionally  neiitralized  by  a  supe* 
rior  antagonist  force.  In  the  case  of  two  oppos- 
ing forces,  the  resulting  action  is  proportional  to 
their  difference  of  power  ;  but  when  the  anta- 
gonist force  is  removed,  each  will  net  according 
to  its  own  peculiar  laws. 

Tliis  is  the  case  with  the  inveution  now  to  bo 
described.     By  it  hot  water  is  made  to  descend 
any  required  depth  below  the  boiler — apps 
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in  opposition   to   the  law  of  gravity — while  the 
cold  wjiter  will  ascend,  though  of  greater  specific 
L  weight. 

I      (136.)  Eclcstein  and  Busby's  Patent  Circulator, 
'  or  Rotiiiy  Float,  is  an  invention  by  which  centri- 
fugal force  I3  made  to  overcome  the  force  of  (jravily, 
in    the    circulation  of    hot    water.*     The  boiler, 
which    is   either    open  „ 

Lor  closed  at   the   top, 
I  haa  a  pii)e.  a,  attached 
I  to     its    circumferunce, 
I  irhich     is     carried    in 
L  any    direction,     either 
\  downwanle,  or  around 
the  room  to  \yv  waruietl, 
and  finally  retiima  into 
the  boiler,    and    ends 
t  exactly  in   its   centre, 
I  aa  shown  at  b  in  the  annexed  figure. 

The  tioat,  or  circulator,  has  motion  given  to  it 

I  hy  means  of  a  fly,  similar  to  a  smoke-jack,  which 

placed  in  the  cliininey,  and  is  turned  by  the 

§«moke  of  the  fire  that  is  used  to  beat  the  boiler, 

float  being  fixed  on  centres,   and    revolving 

«ely    in    the   boiler.     The   centrifugal  force  im- 

Ijrarted  to  the  water  by  the  rapid  ri.>tation  of  this 

I  :Aoat  causes  it  to  rise  higher  at  the  periphery  than 

in  the  centre  of  the  boiler;  and  the  velocity  with 

I  ■which  the  float  moves  determines  the  extent  of 

I  this    deviation   from  the   level.     The  end  of  the 

■pipe  i,   Iniing  in  tfie  centre,  is  then  under  a  less 

Ipreesure  or  bead  of  water   than  the  pi|*c  a,  the 

»  Jbnner  being,  by  its  position,  removed  from  the 

creater  pressure  at  the  sides,  which  is  catiHcil  by 

«ie  centrifugal  force   imjiarted   to   the  water  by 

the  float,  which  acts  on  tlie  pipe  a  placed  at  the 

circQuifurcncL-. 

'  JUpfrlory  0/  ArU.  ifc.,  toI.  xiv.  (1832),  p.  137. 
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(137.)  Suppose  now  the  velocity  of  rotation  to 
be  such  as  to  impart  a  centrifugal  force  sufficient 
to  raise  the  water  one  inch  higher  at  the  circum- 
ference than  in  the  centre,  there  will  then  be  a 
pressure  of  246^  grains  per  square  inch  upon  the 
pipe  a  more  than  upon  the  pipe  b,  supposing  the 
temperature  of  the  water  be  about  IHO".  This 
additional  pressure  will  allo^v  the  water  in  the 
pipe  a  to  descend  42  feet  below  the  boiler,  if  it 
does  not  lose  more  than  6"  of  heat  before  it 
returns  back  again  to  the  boiler  through  the  pipe 
bz  if  it  lose  10",  then  it  will  only  descend  25^  feet, 
and  BO  on  for  other  temperatures.  Now,  as  a  pipe 
four  inches  diameter  loses  'SIT  of  a  degree  of  heat 
per  minute  when  its  temperature  is  120"  above 
that  of  the  room  (Art.  270),  this  pipe  may  be  of 
as  great  a  length  as  the  distance  through  which 
the  water  will  flow  in  seven  minutes  and  a  half  in 
the  first  case,  or  twelve  minutes  in  the  second. 

(138.)  The  length  of  pipe  through  which  the 
water  will  circulate  in  the  above-mentioned  times 
will  depend  ujion  the  depth  to  which  it  descends 
below  the  boiler.  In  this  apparatus,  the  shorter 
the  distance  through  which  the  water  flows,  the 
greater  is  the  rapidity  of  circulation — an  effect 
which  is  the  reverse  of  what  occurs  in  the  common 
form  of  hot-water  apparatus.  In  general,  the  cir- 
culation is  here  very  rapid  ;  but  the  distance 
through  which  the  water  will  travel  is  more  limited 
than  with  the  common  plan  of  circulation,  For, 
suppose  the  water  to  be  raised  by  the  centrifugal 
force  one  inch  higher  at  the  periphery  than  at  the 
centre  of  the  boiler,  and  that  it  descends  42  feet; 
if  the  water  in  the  pipe  lose  si.-;  degrees  of  heat 
during  its  transit,  the  circulation  will  then  be 
extremely  slow;  because,  by  the  Table  (Art.  15) 
we  find  that  tlie  difference  of  weight  between  two 
columns  of  water  42  feet  high,  and  six  di 
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diflFerence  of  temperature,  is  242  grains  per  square 
inch  on  the  area  of  the  pipe;  and  this  is  within 
f<nxT  ffrains  of  the  additional  weight  which  the  cen- 
trifugal force  produces,  under  these  circumstaoces, 
at  the  side  of  the  boiler.  But  il'  the  difference 
between  the  temperature  of  the  two  pipes  be 
only  four  degrees,  then  the  difference  between  the 
weight  of  the  two  columns  will  be  160  grains  per 
8(|uare  inch  of  the  area  of  the  pipe;  and  (by  Art.  21) 
we  sliall  find  that  this  will  give  a  velocity  of 
81  feet  per  minute,  so  that  the  pi])e  may  in  this 
case  be  about  400  feet  long.  If  the  water  only 
lose  three  degrees  of  heat  during  its  transit  through 
the  pipes,  then  (by  Art.  21)  its  velocity  will  be 
100  feet  per  minute,  provided  it  descends  only 
42  feet  below  the  boiler;  and  thecefore,  the  pipe 
may  be  about  350  feet  in  length.  If  the  depth  of 
the  descent  below  the  boiler  be  only  one  half  the 
amount  above-mentioned,  or  21  feet  instead  of  42, 
then  the  length  of  pipe  through  which  the  ^vater 
will  circulate  will  be  just  double  the  amount  that 
lias  Ijeen  stated  for  the  several  differences  of  tem- 
perature.* 

These  calculations  are  all  made  for  pipes  of  four 
incJies  diameter;  but  if  smaller  pipes  be  used,  the 
distance  through  which  the  water  will  circulate 
will  be  less,  because,  as  the  quantity  of  heat  lost 
in  a  given  time  by  different  sized  pipes  is  as  ike 
mverse  of  their  diameters,  so  also  will  be  the  distance 
that  the  water  will  flow,  if  the  velocity  of  its 
motion  be  the  same.f 


ictual  length  of  pipe 

f  It  will  ba  observed,  from  what  baa  been  stated  reapectiug 
tbe  common  pbiD  of  circulrition,  that  the  whole  of  iheae  eifeL'ta 
are  cxnctly  the  reverae  of  what  there  occurs.  In  that,  the 
greater  the  difference  of  temperature  between  the  pipe*,  the 
more  lapid  tbe  ckculation :  in  this,  the  circulation  ia  mora 
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(139.)  If  greater  velocity  be  given  to  the  0y- 
wlieel  and  float,  the  centriiugal  force  and  the 
height  of  the  ivater  at  the  circumference  of  the 
boiler  will  both  be  increased  ;  and  the  distances 
to  which  the  pipes  can  be  carried  may  then  like- 
wise be  extended. 

(140,)  By  using  a  close  boiler  instead  of  an 
open  one,  a  range  of  pipes  may  be  taken  upwards 
which  will  act  on  the  common  plan  of  circulation, 
while  another  range  of  ])ipe8  may  jtroceed  from 
the  bottom,  and  act  on  the  pririci]>le  which  has 
here  been  explained.  In  this  case,  the  centrifugal 
force,  of  wliich  the  additional  height  at  the  cir- 
cumference of  the  boiler  is  merely  the  index  or 
measure  of  effect,  will  still  be  of  equal  power, 
provided  the  velocity  of  the  float  continues  the 
same  ;  and  the  water  will  therefore  descend  to  the 
aaiuG  extent  as  before.  The  sjundle  uf  the  float 
must,  in  this  latter  case,  pass  through  a  stuffing- 
box  on  the  top  of  the  boiler,  or  some  other  con- 
trivance to  answer  the  same  purjiose  must  be 
iidoi)tcd. 

This  invention,  which  is  a  happy  application 
of  dynamical  principles  to  overcome  one  of  the 
most  constant  of  Nature's  laws,  hy  the  develop- 
ment of  an  antagonist  force,  has  hitherto  been  but 
little  used.  It  is,  however,  clearly  cajmble  of  being 
applied  in  cases  where  the  same  object  cannot  be 
accoiii]»lished  by  any  of  the  more  sim|jlc  means 
which  have  been  previously  described. 

(141.)  A  plan  proposed  by  Mr.  Edward  Weeks 
for  circulating  water  at  different  heights  was  some 
years  since  (1829)  made  the  subject  of  a  patent, 
but  it  is  not  necessary  here  to  be  descrilKja,  as  it 

rapid  in  proportion  as  tbe  pipes  are  nearer  to  the  biud«  t«m> 
peratnre.  In  tbe  former,  the  circulaticu  is  moro  rapid  wlMn 
the  pipes  are  moderately  small :  in  tiie  latter,  the  largw  tltv 
pip6  th«  greater  the  veloaity  of  ciroalatiou. 
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g  since  been  sinierseJed  by  more  efficient 
A  boiler,  also  of  bis  invention,  is  described 
Art.  87. 

(142.)  Mr.  Thomas  Fowler,  of  Great  Torrington, 
^  1828,  took  out  a  patent  for  an  apparatus  M'hich 
he  called  a  Tbermo-slphon.*  It  was,  however, 
wholly  inapplicjible  to  the  purposes  intended,  In 
con8e(|uencc  of  the  complication  of  valves  and 
cocks  required  to  work  it  ;  the  whole  of  which 
complication  is  overcome  by  the  invention  of  Mr. 
Kewley,  described  in  Art.  117. 

(143.)  An  appar;itus  was  invented  by  Mr.  H.  C. 
Price,  and  patented  in  1829,  which  was  desij^ned 
principally  to  alter  the  form  of  the  nidiating  sur- 
feces.f  These  surfaces,  instead  of  being  composed 
of  pipes,  are  formed  of  flat  close  vessels,  about 
three  feet  square,  and  2^  inches  thick,  placed 
iways  (or  vertically),  so  that  when  several  of 
are  fixed  together,  a  thin  stratum  of  air 
!5  upwards  between  them,  and  becomes  heated 
in  its  jtassage.  A  main-pipe  connects  all  these 
veBsels  together  at  the  bottom,  another  similar 
pipe  is  lixed  at  the  top ;  and  these  main-pipes 
lead  to  and  from  the  boiler,  thus  keeping  up  the 
circulutiun  of  water  in  all  these  flat  vessels  at  the 
same  time.  This  is  often  a  very  convenient  mode 
of  applying  a  large  extent  of  heating  surface  in  a 
nioderately  small  space  ;  but  the  principle  of 
llu!  circulation  is  in  no  way  diftercnt  from  the 
ordinary  hot-water  apparatus.  The  vesscts  con- 
i.uniug  the  hot  water  are  usually  placed  in  a  vault 
^r  chamber  below  the  room  or  building  to  be 
led  ;  and  the  air,  when  heated,  ascends  to 
n  above  through  ventilators  in  the  floor, 
eimilar  contrivances. 
'or  large  buildings  this  plan  answers  exceed- 
I  of  Art!,  ka.,  vol.  is.  (1830),  p.  393. 
.  X.  (1830),  p.  65. 
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ingly  well,  and  many  very  extensive  ai>paratug 
have  been  erected  with  perfect  success,  us  it  ig 
always  combined  with  a  system  of  ventUation, 
which  is  too  often  neglected  iii  other  methods  of 
heating  buildings. 

(144.)  A  plan  has  lately  been  proposed  by  Mr. 
Rendle,  of  Plymouth,  as  a  novel'  mode  of  heating 
horticultural  buildings,  and  which  he  has  denomi- 
nated the  "  Tank  System."     The  principal  object^ 
proposed  is  to  afford  bottom-heat  to  plants,  with — 
out  the  use  of  biirk,  tan,  dung,  or  other  expea-— 
sive  and   troublesome   materials.      The    plan  re- 
commended    is    to    construct   a   tank,    either  of 
brick,  wood,  slate,  stone,    or    metal,  immediatdy- 
below  the  beds  of  the  hothouse,  the  tank  being 
the  full  width  of  the  Iwd,  and  about  four  or  live 
inches  deep.     A  partition  divides  this  tank  up  the 
centre,  except  about  two  or  three  inches  at  the 
further  end  ;    and  then,  by  connecting  two  pipes 
to  the  end  of  tlie  tank  nearest  to  the  boiler — one 
leading  from  the  flow-pipe  of  the  boiler,  and  tV 
other  to    the    return-pij»e — and  placing  these    on 
the  opposite  sides  of  the  before-mentioned  parti- 
tion, a  circulation  of  water  is  produced,  the  loot 
water  passing  up  one  side  of  the  tank  and  retix Til- 
ing back  along  the  other  side,  the  partition  racc"«ly 
separating  the  two  currents.      The  tank  is  ^5r«t 
covered  with  large  and  strong  slates,  and  tbcxi  » 
layer  of    loose   stones   is    laid,    and   subsequently 
layers  of  sand  and  earth  ;    and  the  sides  of    1m 
taiik  are  so  constrijcted  as  to  rise  sufficiently  high 
to  make  a  convenient  receptacle  for  these  several 
layers    of    materials,   through    which    the    heat 
ascends  to  the  plants  placed  in  the  earth  on  tbas 
top. 

This  form  of  apparatus  is  represented  in  fig.  A  ^ 
which  shows  the  tank  without  the  cover,  and  al»  ^j 
without  the  sides  which  support   the   layers    ol 
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■•fones  and  earth.    The  tank,  if  made  of  brick, 

^Ctjuircs  to  be  well  stuccoed,  in  order  to  make  it 

Fio.  88. 

mi 


hold  tlie  Wiiter  witlioiit,  percoljitiofi  thryugU  the 
bricks  ;  but  the  expansion  caused  by  the  Iieat 
^JBiders  it  difficult  to  keep  the  tank  perfect.  Wood 
^^■ks  are  also  liable  to  become  leaky  ;  and  'n'hen 
^^Bd,  require  to  be  made  in  the  most  substantial 
^Vnnner. 

(145.)  The  plan  nf  aflbrding  bottom-heat  in 
this  manner  possesses  but  small  claims  to  novelty, 
except  as  regards  the  form  of  the  vessel  which 
contains  the  heated  water.  In  1788  steam  was 
first  used  for  giving  a  bottom-Iieat  to  plants  by 
"-Wakefield,  Esq.,  of  Northwich.  His  exjteri- 
i  were  continued  for  several  years  with  con- 
■able    success,    and   in    1792    the    plan    was 

, at  Lord  Derby's  gardens,  at  Knowsley, 

■ently  on  the  model  of  Mr.  Wakefiekl's.  and 

attended  with  perfect  success."     From  1801 

the  use  of  hot   water,  flowing   through 

.  pipes,  |tlaced  about  nine  inches  Ijelow  tbe 

I  of  tlie  mould,  was  employed  by   T.   N. 

I    Esq.,    of    Sweeney    Hall,    Oswestry,    for 

bottom-heat    for    melon-pits,   the     water 

iating  through  a  single  pipe  only,  which  was 

K  long  Account  ot  these  experituents  will  be  found  id  tlie 
irf«ry  of  Art*,  vol.  wv.  (lat  aeries),  p.  235,  «  sc;, ,-  and 
'  I  Ibe  Transaclioiii  of  the  Socittj/  of  Ari*  atttl  Manu/ac- 
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attached  to  a  small  copper  boiler.  Mr.  Weetoo, 
of  Leicester,  in  1800,  employed  for  the  same 
purpose  leaden  pipes  three  inches  diameter,  filled 
with  hot  water,  which,  from  the  slow-conduct- 
ing power  of  the  metal,  retained  the  heut  for  a 
great  length  of  time.f  In  1K26,  Mr.  MacMnrtie, 
gardener  to  Lord  Anson,  described  a  method  oi 
giviry^  bottom-lieat  Jointly  by  flues  and  steam, 
which  he  had  successfully  employed  for  a  period 
of  twelve  years  ;  J  and  In  1831  the  author  applied 
the  circulation  of  hot  water,  on  the  common  plan, 
through  iron  pipes  of  four  inches  diameter,  for 
prodncing  Lottom-heat  in  forcing  pits,  without  th< 
use  of  dung. 

All  these  plan3  have  been  successful  to  a  con- 
sideraljle  extent  ;  but  they  all  have  one  defect  in 
common  with  Mr.  Kcndle's  system.  It  is  difficiUt 
to  regulate  the  quantity  of  moisture  ;  nnd  by  somt 
of  tliose  plans — particularly  those  where  steam 
was  allowed  to  evaporate  in  large  (]  uantitiea- 
there  was  too  much  damp  for  the  plants,  and  by 
others  they  were  too  dry,  Mr,  Rendle's  taidiS  ora 
liable  to  the  same  objections.  It  is  probable  that 
the  most  efficient  way  of  a]>plying  hot-water  cir- 
culation for  producing  bottom-heat  would  be  by 
passing  hirge  iron  pipes  of  four  inches  diamet^ 
through  troughs  made  water-tight,  [ilaced  beneath 
the  bed  re(|uired  to  be  heated,  and  tilled  with  small 
loose  stones.  These  stones,  when  once  heated._ 
will  retaiii  their  temperature  for  a  great  length 
of  time  and  by  pouring  water  into  the  trougii, 
vapour  cfin  Ire  raised  to  any  extent  that  may 
be  rei-iuired,  the  quantity  being  much  or  little  as 
circumstances  may  render  desirable  ;  or  tlie  beat 
may  be  coutinucd  without'  any  vapour,  ^vhenever 

t  UqitTtory  vf  AtH,  vol,  xUi,,  p.  238  (lat  aeries), 
X  llortimUural  Trantuclienji,  toL  vi. ;  uid  QtuiTltrijf  Je 
ef  Seitiice,  vol,  ixii.,  p.  841. 
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a  dry  heat  is  required.  The  pipes  need  not  be 
placed  very  close  tog'ether  ;  about  12  or  18  inches 
afiurt  from  each  other  ■would  probably  be  a  ;iood 
distance  when  four-inch  jtipee  are  used,  depending 
principnlly  upon  the  quantity  of  vapour  which  is 
required  to  be  raised. 

(146.)  Mr.  Rendle  proposes  to  make  his  tanks 

supply   sufficient   heat   to   waim   the   air  of  the 

Wise,  as  well  as  to  produce  a  bottom-heat  for  the 

Ijlants.      Those   who   adopt   this   plan    will    soon 

hnd  that  it  can  only  be  used  as  an  adjunct  to  any 

other  method,  and  that  it   cannot  supersede    the 

ordmary  modes  of  heating  horticultural  buildings. 

'     Tlie  chief  merit  of  this  plan  consists  in  bringing 

■:.-i'i  action  a  large  reservoir  of  hot  water,   con- 

liiiRd   in    slow-conducting  materials  ;    by    which 

I  I  hen  the  tank   is  connected  with  the  pipes  that 

-■  ■at  the  air  of  the  house  in  the  usual  way)  gi-eater 

[LiaHty  of   temperature  can  be  maintained  in  a 

iiuthouse  than  by  any  other  method  which  com- 

prines  only  a  smaller  body  of  hot  water.     Tills, 

iiowever,  does   not   appear   to   form    any  part  of 

Mr,   Rendle's  system.      In  a  pamphlet,  published 

liy  him,  the    ap[)aratus    is  descrilwd    as   intended 

both  to  heat  the  air  of  the  house,  as  well  as  to  give 

Iwitom-heat  to  the  yilants  ;  but,  when  the  tsmk  is 

made  of  brick,  according  to  his  recommendjilion, 

the  quantity  of  heat   radiated  from  the  exterior 

surface  must  necessarily  be  so  small  that  sufficient 

heat  to  warm  the  air  of  the  house  in  cold  weather 

cannot  possibly  be  obtained.     Iron  tanks,  instead, 

_af  brick,   have  been  proposed  by  other    parties  ; 

^■^  which  this  latter  objection  would  be  overcome  : 

Hpt  by  the  greater  radiating  power  of  the  iron 

^fee  advantages  contemplated  by  Mr.  Rendle  would 

not  be  obtained.     The  brick  tank,  when  used  only 

for  bottom-heat,  and  as  an  addition  to  the  usual 

igement  of  pipes  for  warming  the  air,  may 
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freriuently  form  a  very  useful  apparatus 
will  probably  give  way  to  some  better  arranpemi 
by  wliich  the  vapour  cfin  lie  regulated  with 
certainty    than    this   form   of    apparatus    ap] 
cajmble  of  doing. 

(147.)  A  patent  was  obtained  in  1838,  by 
Corbett,  of  Plymouth,  for  heating  buildings 
hot-water  circulation  in  open  troughs,  instead 
pipes  of  the  usual  form.*     The  objection  to  tl 
plan  is  the  difficulty  of  regulating  the  quantity! 
vapour  given  off  by  the  open  troughs,  to  suit  1 
varying  requirements  of  the  plants.     The  invi 
tor   proposes    to   do  this  by  means  of  movea] 
covers  to  he  placed  on  the  troughs,  which  woi 
prevent  the  vapour  rising   so   rapidly.      But 
the  advantages  of  this  plan  appear  to  have 
anticipated   several   years   jirevious,    by    the 
of  pipes  with  troughs  of  about  three  inches  A 
cast  on  the  top,  and  extending  nearly  the  who 
length  of  the  ])ipe.     The  trough,  being  formed  I 
the  surface  of  the  pipe  itself,  is  always  kept  hcl 
and  any  quantity  of  vapour  can  be  obtained,  l 
to  the  actual  saturation  of  the  atmosphere  of  t 
house,  by  filling  these  troughs  partially  or  whol 
as  the  case  may  require. 

(HS.)  The  last  two  inventions  which  ha 
been  described  appear  to  be  founded  on  a  va 
imperfect  knowledge  of  the  physical  laws  whi 
they  call  into  action.  The  tank  system,  wh 
used  as  the  inventor  of  it  recommends,  nn 
necessarily  fail  to  afford  sufficient  heat  to  the  a 
as  a  very  slight  acquaintance  with  the  laws 
radiant  heat  will  show  ;  and  the  use  of  op 
troughs,  to  supersede  the  previous  method 
pipes  with  troughs  cast  on  them,  is  founded  oi 
misconception  of  the  laws  of  vaporization. 

(14!i.)  Mr.  Corbett  istates,  in  the  sjiecificoti 

•  U^m<ir<j  nf  Arts,  ifr.,  rol.  si.  (lftS9),  p. 
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to  his  patent,  that  the  quantity  of  vapour  which 
js  given  off  from  the  troughs  depends  upon  the 
pcrature  of  the  air  and  the  depth  of  the 
>ughs.  This  hist  circumstance  (inasmuch  as  by 
increasing  the  depth,  the  7-adiating  surface  must 
be  enlarged  and  the  temperature  of  the  water 
thereby  lowered)  will  certainly  somewhat  alter 
the  rate  of  evai>oration,  though  not  necessarily  its 
tinal  quantity;  but  the  temperature  of  the  air  in 
no  way  intlueuces  either  the  quantity  or  the  rate 
of  evajioration,  unless  it  be  so  cold  as  to  condense 
the  vapour. 

(160.)  Dr.   Dalton*  has  shown  that   the   only 
circumstances    which    affect    the    vaporiaation    of 
water  in  atmospheric  air  are — "First,  the  quan- 
tity   evaporated    is    in   direct    proportion    to   the 
surface   exposed,    all    other     circumstances    being 
alike.     Second,    an    increase    in    the   temperature 
of  the  liquid    is    attended     with    an    increase   of 
evaporation    not   directly    proportionate.       Third, 
ev.i[ioration  is  greater  where  tliere  is  a  stream  of 
air,  than  where  the  air  is  stagnant.     Fourth,  the 
evaporation  from    water  is  greater,   the    less   the 
humidity  previously  existing  in  the  atmosphere, 
all    other  circumstances   being   aHke."     The  rate 
of  evaporation,  therefore,  from  water  under  212°  of 
Fahrenheit    is    directly   as   the   surface   of   water 
exposed,  and  as  the  evaporating  force  ;  which  latter 
the  name  that  has  been  given  to  the  difference 
the  elasticity  of  the  vapour  which  rises  from 
water  as  the  given  temperature,  and  that  of 
vapour  already  existing  in  the  air.     Dr.  Dalton 
'  that  "  the  same  quantity  is  evaporated  vn\h 
game  evaporating  force,  whatever  be  the  tem- 
iture  of  the  air." 
(151.)  This  theory  of  evaporation  is  here  more 
%*  Ufiaoin  of  the  PhiloiophiciU  Society  of  Maiic/itster,  vol.  v., 
1 870.  'I  »ri. 
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particularly  dwelt  upon,  because  many  persona 
have  adopted  the  notion  that  any  quantity  of 
vapour,  without  limitation,  can  be  produced  by 
means  of  open  troughs,  such  as  have  been  de- 
scribed. Nothing,  however,  can  be  more  erro- 
neous. When  once  the  air  is  saturated,  the  evapo- 
rating  force  ceases,*  until  either  a  portion  of  the 
vapour  it  contained  be  condensed,  or  the  tem- 
perature of  the  c^'aporating  fluid  be  increased, 
when  of  course  a  new  state  of  circumstances 
obtains,  and  the  condition  of  equilibrium  ends. 
Practically,  however,  evaporation  never  ceasea 
when  the  evaporating  liquid  is  kept  at  a  high 
temperature  ;  because  the  air  being  at  a  much 
lower  temperature,  the  vapour  contained  in  it 
must  always  have  less  elasticity  than  that  given 
off  from  the  water.  The  result  will  be  that  the 
water  evaporated  will  be  condensed  by  the  air, 
and  will  be  precipitated  ;  while,  at  the  same  timft. 
the  latent  heat  of  the  vapour  will  be  rendered 
sensible,  and  will  raise  the  temperature  of  tho 
airf  If  the  air  were  confined  in  a  place  where  it 
could  not  lose  any  portion  of  this  acquired  heat, 
this  process  would  ultimately  stop  the  evaporation; 
but  in  horticultural  buildings  the  loss  of  heat 
from  the  large  surface  of  glass  is  so  considerable, 
that  this  result  cannot  follow. 

•  These  remnrks  apply  to  the  case  of  fluids  under  the  tem- 
petatute  of  212'.  A  diSerenl  state  of  tilings  obtains  when 
the  vapour  formed  exceeds  the  total  atmospheric  pressure,  u 
in  the  ordin&ry  process  of  generating  steam. 

t  The  quantity  of  heat  given  out  by  tlie  condensatloo  of 
vapour  is  very  considerable.  By  the  note  to  Art.  1)7,  it  will 
be  seen  that  a  cubic  foot  of  water  will  heat  2,900  cnhic  feet  of 
air  US  many  degrees  as  the  water  itself  loses.  As  the  latent 
beat  of  vapour  is  about  1,000",  it  follows  that  every  rubie  ineA 
of  water  which  is  evaporated,  and  then  ngain  condensed  from 
vapour,  as  above  mentioned,  will  communicate  6'^  of  heat  lo 
Sj^^ubiff /ret  of  air. 
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(152.)  Ab  the  quantity  of  vapour  given  off  to 
the  air  depends,  as  we  Lave  here  shown,  on  the 
surface  and  the  temperature  of  the  water  exposed, 
it  follows  that  no  possible  advantage  can  be  ob- 
tained from  a  large  quantity  of  water  in  an  open 
gutter  over  the  same  siu-face  of  water  obtained  by 
the  old  metliod  of  troughs  fixed  or  cast  on  the  top 
of  the  pipes.  The  latter  are  more  easily  regulated 
to  suit  the  requirements  of  different  plants  and 
dift'erent  seasons,  and  are  also  free  from  several 
practical  difficulties  which  attend  the  application 
of  the  other  method.* 

[153.)  The  preceding  remarks  are  descriptive 
of  the  principal  modifications  which  have  hitherto 
l>een  introduced  into  the  hot-water  aj)parntus, 
though  mnny  deviations  of  a  minor  charactiT  have 
lieen  proposed,  several  of  them,  indeed,  being  in- 
troduced apparently  for  the  sake  of  novelty.  The 
advantage,  however,  which  may  be  derived  from 
these  pecuUar  forms  or  modifications  of  the  appa- 
ratus must  depend  upon  the  purpose  for  which  it 
is  required.  Thus,  in  places  where  a  long  con- 
tinuance of  heat  and  uniformity  of  temperature 
are  required,  the  form  of  the  pipes,  tanks,  vessels, 
and  other  radiating  surfaces  should  be  such  as  to 
fiord  only  a  small  surface,  whUe  they  contain  a 
_  ;  quantity  of  water.  This  may  be  obtained 
■  using  pipes  of  lai-ge  diameter,  or  tanks  of  a 
^c  cubical  content,  and  approaching  in  form 
either  to  the  sphere  or  the  cube;  while,  on  the 
contrary,  where  the  heat  is  required  to  be  quickly 
Bused,  and  permanence  of  temperature  ia  unim- 

•  Those  who  wish  to  follow  further  the  subject  of  spoota- 
ms  evaporation,  may,  with  advaotage  consult  tlie  Mrmoirt 
■  e  Manchealer  Philonayhieul  Sodrly,  already  quoted  ;  tilso 
i"«  Journal,  vol.  xxvii,,  p.  17  ;  Journal  dr  Phytiqiu, 
p.  446  ;  Quarlerli/  Jmirnal  <•/  Same*,  vol,  xvii.,  p.  46  ; 
I  Phitoiopkical  Traniaelians,  vol.  Ixxiii.,  p.  400. 
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portant,  the  radiating  surfaces  may  be  greatly 
increased,  in  proportion  to  the  actual  quantity  ol 
water  contained  in  the  apparatus.  In  this  case, 
therefore,  pipes  of  small  diameter,  or  tanks  which 
are  very  flat  in  form,  may  advantageously  be 
used;  and  many  varieties  of  the  apparatus  will 
necessarily  be  adopted,  amongst  ingenious  per- 
sons who  practically  apply  this  invention  to  the 
vast  number  of  usefiil  purposes  to  which  it  is 
applicable.  For  many  of  the  purposes  to  which 
it  is  extremely  suitable  it  has  not  hitherto  been 
applied;  and  its  advantage,  in  other  cases,  has 
not  even  yet  been  sufficiently  appreciated.  Such 
are  the  uses  to  which  it  may  be  adapted  in  various 
manufactories — in  paper-making,  calico-printing, 
dyeing,  and  starch-making;  and  also  for  drug- 
gists, seedsmen,  and  numerous  other  purposes  of 
general  utility  ;  and  for  drying-rooms  for  every 
purpose ,  where  a  mild  and  equable  heat  is  desir- 
able. For  many  of  these  purposes  it  is  exceed- 
ingly convenient,  as  the  form  of  the  heating 
surface  can  be  made  to  suit  the  peculiar  object  to 
which  it  is  to  be  applied;  and  the  inconveniences 
that  arise  from  unequal  degrees  of  heat,  conse- 
quent on  most  other  methods  of  warming,  are  by 
this  means  entirely  avoided. 
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(154.)   Having,  in  the  preceding  chapters,  ar- 
ranged, under  distinct  heads,  the  various  remarks 
the  principles  of  warming  by  (he  circulation  of 
liot  water,  it  may  here  be  desirable  to  bring  under 
general  review  the  principal   facts   which  it   has 
been  the  object  of  this  work  to  explain.     There 
besides,  many  minor  points  connected   with 
invention    that    could    not   conveniently    be 
■ought   under   notice   in    any    of    the    foregoing 
visions  under  which  the  subject  lijia  been  treated, 
but  which,  nevertheless,  may  be  found  very  useful 
to  those  who  are  investigating   its    principles,  or 
"  ipting  it  to  practice. 

(155.)  A  correct  knowledge  of  the  cause  of  cir- 
"  ktion  of  the  water  (it  has  already  been  observed) 
absolutely  necessary  to  the  successful  application 
of  this  invention  in  many  of  its  more  complicated 
arrangements.  Some  estimate  must  be  formed  of 
the  amount  of  the  motive  power  possessed  by  an 
M  2 
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apparatus  of  this  sort,  otherwise  it  will  be  impos- 
sible to  ascertain  what  will  be  the  result  of  any 
particular  position,  or  determinate  lenji;th  of  the 
pipes,  in  many  peculiar  cases  ;  as,  for  instance,  in 
such  forma  of  apparatus  as  figures  10,  11,  and  28. 
It  ia  also  necessary,  in  order  to  make  pro%'ision 
for  the  escape  of  the  air  from  an  apparatus  of  this 
kind,  to  have  some  knowledge  of  the  laws  which 
regulate  the  motion  of  fluids,  in  order  to  ascertain 
where  the  air  will  lodge,  and  why  it  shonld 
accumulate  in  one  place  rather  than  another.  No 
circumstance  connected  with  the  subject  requires 
greater  caution  than  this.  In  almost  every  part 
of  the  apparatus  where  an  alteration  of  the  level 
occurs,  a  vent  for  the  air  must  be  provided  ; 
because,  from  the  extreme  levity  of  air  compared 
with  water  (Art.  9),  it  is  impossible  that  the  air 
can  ever  descend,  so  as  to  pass  an  obstruction 
lower  than  the  place  where  it  is  confined.  Thus, 
in  fig.  7,  if  the  air  accumulate  in  the  pipe  between 
A  and  e,  it  ia  evident  that  a  vent  at  c,  although  it 
would  take  off  the  air  from  <j  h  and  from  C  D, 
could  not  receive  any  jiortion  of  that  which  is 
confined  between  A  e,  or  between  e  f,  because,  in 
tliat  case,  it  must  descend  through  the  pipe  e  f 
before  it  could  escape.  The  principle  is  the  same 
in  all  cases,  however  large  or  however  small  the 
descent  may  be  ;  and  the  accidental  misplacing  of 
a  pipe  in  the  fixing,  by  which  one  end  may  be 
made  a  little  higher  than  the  other,  will  as 
effectually  prevent  the  escape  of  air  through  a 
vent  placed  at  the  lower  end  as  though  the  devia- 
tion from  the  level  were  as  m&ny  feet  as  it  may, 
perhaps,  be  inches.  It  is,  however,  impossible  to 
give  multiplied  examples  of  this  part  of  the  Bub- 
ject,  ibr  probably  no  two  instances  precisely 
similar  may  occur  ;  but  it  deserves  the 
serious   attention    in    following   out    its 
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isequencea,  for  innumerable  failures  have  arisea 
_  its  neglect,  and  no  part  of  the  subject  is  more 
puzzling  to  an  inexperienced  practitioner. 

(156.)  When  any  particular  obstructions  are 
required  U)  be  overcome,  in  consequence  of  numer- 
ous alterations  in  the  level  of  the  pipes ;  when 
the  pipes  are  required  to  descend  below  the  boiler; 
or,  in  short,  when  any  other  Tariation  from  what 
ma)-  be  considered  as  the  usual  form  and  arrange- 
ment of  the  apparatus  may  Ije  desirable, — it  is 
essentially  necessary  to  have  some  data  on  which 
to  fuund  a  calculation  as  to  what  will  be  the 
practical  result  of  the  required  deviation.  For  no 
partial  experiment  of  a  tentative  character,  nor 
the  effect  shown  by  a  miniature  model,  will 
'e  anj^hing  like  an  accurate  idea  of  what  will  be 
result,  when  the  experiment  is  made  on  a  large 
scale.  The  reason  of  this  is  obvious.  It  has  been 
aiiown  that  the  greater  the  distance  through  which 
the  water  Hows,  the  greater  does  the  motive  power 
l)ecomc,  in  consequence  of  the  water  being  colder 
in  the  return-pipe  relatively  to  the  tlow-pi]K;,  while 
at  the  same  time  the  friction  is  increased,  though 
~  .Iways  in  an  equal  degree.  This  will,  there- 
prevent  partial  experiments — that  is.  working 
leis  exhibiting  only  a  particular  portion  of  the 
'i  apparatus — from  being  conclusive  ;  and 
a  miniature  model,  although  the  decreased 
and  distance  of  transit  are  compensated  by 
reduced  size  of  the  pipe  exerting  a  greater 
;  power  on  the  water,  the  friction  being 
greater  in  small  than  in  large  pipes,  the 
ity  will  he  reduced  in  a  very  sensible  degree, 
results  rendered  wholly  inconclusive.  In 
the  successful  working  of  a  miniature 
lei  will  be  conclusive  that  the  experiment  on 
er  scale  will  perform  still  better  ;  but  the 
of  the  model  will  be  no  proof  that  the 
apparatus  will  not  ha  successful. 
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CalculatJons  on  this  subject  possessing  any 
claims  to  accuracy  are  extremely  difficult,  and 
exact  rcfiultt,  iudeed,  are  [lerhaps  imi>os»ibIe,  in 
the  present  state  of  our  know  ledge  on  this  difficult 
branch  of  hydraulics,  notwithstanding  the  many 
eminent  and  learned  men  who  have  l>oth  writtea 
and  experimeiit<?d  on  the  motion  and  resistance  of 
water  moving  in  pipes.*  Notwithstanding  this 
acknowledged  difficulty,  the  remarks  made  in  the 
preceding  chapters  will  enable  an  approximate 
eBtiraafe  to  I*  formed  as  to  the  general  elFect  that 
may  be  expected  from  any  partieular  form  of  the 
apparatus,  and  whether  the  motive  power  will  be 
increased  or  diminished  by  the  arrangement  pro- 
posed. And,  l)y  following  out  in  detail  the  rules 
which  have  Ijeen  given,  a  tolerably  accurate  judg- 
ment may  l»e  arrived  at  as  to  the  result  that  may  be 
ex|)ected,  under  almost  every  form  of  the  apparatus 
that  may  be  adopted. 

(157.)  In  the  diagrams  which  have  been  given 
in  the  first  and  second  chapters,  the  airnplest 
possible  arrangements  of  the  pipes  have  been 
shown.  To  give  the  various  forms  in  which  the 
pipes  and  heating  surfaces  may  tie  laid  would 
obviously  1)G  impossible  ;  it  must  be  left  to  the 
ingenuity  of  the  adapters  of  the  apparatus  to 
deduce,  from  the  general  rules  which  have  been 
given,  the  form  of  apparatus  best  suited  to  the 
particular  case  ;  and,  while  bearing  in  mind  the 
causes  which  produce  and  increase  the  circulation, 
it  will  not  Iw  difficult  to  contrive  an  almost  in- 
finite variety  of  arrangements  for  accomplishing 
the  desired  result. 

(I.i8.)  In  the  simple  form  of  the  apparatus  as 
generally  used  in  hothouses,  there  is  seldom  much 
difticiilty,  excejit  when  the  pipes  are  reipiired  to 
dip  below  the  doorways.  When  the  boiler  is 
•  See  Chapter  II.,  Art.  22. 
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iced  sufficiently  low  (Art.  28),  the  difficulty  of 

dng  off  the  air  from  the   pipes   at  the  places 

Irbere  the  dips  occur  is  princi]ially  to  be  attended 

It  has  sometimes  been  the  practice  to  place 

1  open  upright  pedestal  on  the  top  of  the  pipe 

E  I,  fig.  9,  for  the  supposed  purpose  of  adding  by 

e  weight  of  its  column  of  water  to  the  downward 

resBure  at  that  part,  and  by  this  means  to  increase 

le  circulation.      But  the   real   effect    of  such  a 

)Iunin  of  water  pressing  on  the  pipe  must  be  to 

icrease  the  pressure  on  every  jmrt  of  the  apparatus 

■like,  and  not  on  this  jtart  in  particular ;  and  there- 
fore it  is  probable  that  any  effect  obtained  by  this 
means  is  attributable  only  to  a  more  easy  escape 
being  provided  for  the  air.  Any  air  accumulating 
at  this  part  must  be  particularly  prejudicial,  by 
occupying  a  portion  of  the  space  which  ought  to 
be  filled  with  water,  and  thus  diminishing  the 
pressure  on  the  descending  column.  A  very  small 
accumidation  of  air  at  this  jiart  of  the  apparatus 
might  seriously  retard,  or  even  totally  obstruct, 
the  circulation,  and  therefore  a  ready  escape  for 
tiie  air  at  this  point  is  jiarticularly  desirable.  The 
"■  tne  effect  is  no  doubt,  to  some  extent,  produced 
the    open   cistern   a,  tig.    12    (Art.    32);    for, 

[though    its    effect   is   generally  beneficial,  it    is 

difficult  to  account  for  it  on  the  ground  of  increased 

pressure  ;  while  it  is  obviously  quite  possible  that 

I      benefit  may  arise  from  the  air  having  so  easy  an 

^■ucape,*  and  from  the  difference  in  the  temperature 

^Bf  the  two  pipes. 

'  •  It  has  been  supposed  that,  altljongli  this  inercased  preB- 

SUTQ  b;  a,  vertical  column  of  wutcr  UDdoiibtedly  extends  to 
aver;  part  of  tbo  apparatus,  an  advantage  musL  arise  in  con- 
[Deuco  of  the  hubbies  of  steam  and  hot  water  (which  rise 
itinnally  upwards  from  the  bottom  of  the  boiler,  strongly 
)ted  on  by  the  fire)  being  relatively  hgbter  than  the  rest  of 
Wftter,  when  the  latter  is  thus  condensed  by  the  increased 
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(159.)  It  will  be  apparent  from  these  remarks 
how  essential  it  is  that  the  pipes  be  free  from  any 
accumulation  of  air,  when  such  difficult  cases  of 
circulatiun  are  attempted  as  those  described  in 
Art.  30 — 34,  or  any  of  an  analogous  character, 
It  is  probable  that  many  failures  have  arisen 
entirely  from  this  cause,  which  a  very  slight 
alteration  would  have  prevented  ;  and  attention 
to  this  point,  in  the  construction  of  all  hot-water 
apparatus,  can  hardly  be  urfced  too  strongly. 

(160.)  When  the  pipes  dip  below  the  doorways 
of  hothouses,  it  is  sometimes  very  difficult  to  allow 
sufficient  depth  for  two  pipes  of  large  diameter 
below  the  step  of  the  door,  when  placed  as  shown 
in  fig.  9.  When  this  is  the  case,  a  smaller  pipe 
may  be  used  at  this  particular  part ;  and  just  at 
the  dip,  the  large  iron  pipe  may  be  reduced  co  one 
of  smaller  diameter,  and  again  increased  when  it 
rises  from  below  the  door.  The  circulation  will 
by  this  means  always  be  reduced  to  some  extent 
(Art.  48),  and  it  is  by  no  means  advisable  to  adopt 
it  whenever  it  can  be  avoided.  All  unnecessary 
variations  in  the  size  of  the  pipe  ought  always  to 
be  avoided,  and,  when  adopted,  tlie  alterations  are 
better  to  be  gradual  than  sudden,  as  there  will  be 
less  obstruction  to  the  water  passing  through  a 
trumijet-shaped  pli)e,  either  from  a  large  to  a  small 
pipe,  or  from  a  small  pipe  to  a  larger,  than  when 
these  cliaoges  are  made  abruptly. 

Inconvenient  as  these  vertical  dips  in  the  pipe 
frequently  are,  they,  as  well  as  the  horizontal 
bends,  are  sometimes  useful  in  counteracting  on 

vertical  height.     This,  however,  must  needs   bo  erroneoas, 

beoanae  steam  produced  under  pressure  is  of  greater  deaaJQ' 

QxactljT  in  proportion   to   this   pressure,  aud    therefore   the 

L  iZelative  propitrtious  between  the  densities  of  the  steam-bubble* 

T  Bod  the  water  must  be  pieaer\'ed,  however  much  the  pressarA 

f  be  increased. 
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icon\-eiiieiice  which  otherwise  might  occur  from 
le  expansion  of  the  pipe  in  its  horizontal  length. 
hen    there   is   a    very    long   length  of  perfectly 
■aight  pipe  passing  along  the  side  of  a  building, 
returning  again    in    the    same   direction,    it 
in  happens  that  the  expansion  of  one  of  these 
"ts  of  pipe  is  so  much  greater  than  the  other, 
;  to  its  higher  temperature  (and  this  parti- 
y   happens    when   the   circulation  is    slow), 
some    of    the    joints   become   loose,    and   a 
age     occurs.       This     inconvenience     is    more 
likely   to  occur    when    three  or  four  pipes  are 
placed    one    above    another ;    in    which   case  the 
upper     pipes     always    become    heated  first,    and 
lence  become  more  expanded  in  length.     And  so 
is  the  force  of  this  expansion,  that  unlesa 
lere   is    some   degree   of  elasticity  given  to  the 
pipes,  either  by  elbows   intervening  or  by  some 
other  means,  a  leakage  is  almost  certain  to  occur; 
and  generally  it  happens  at  the  extreme  end  of 
pipes  farthest  from  the  boiler.     When  steam- 
were  used  for  heating  buildings,  this  cause 
leakage    was    very   inconvenient;    and   Count 
imford  introduced  an  ingenious  mode  of  coun- 
ting  it,  by    attaching    both    the    upper    and 
'er  pipe  to  a  copper  drum,  which,  being  more 
pliable  than  the  cast-iron,  corrected  the  evil.     In 
all    cases    where   there   is  a  great  length  of  pipe 
"  g  in  a  straight  line,  it  is  necessary  to  bear 
mind  the  certainty  of  expansion  occurring,  and 
provide    for  its  effects  ;    for    serious   accidents 
'e  occurred   to   buildings    by    neglecting   this 
lUtion,  as  the  expansion  cannot  be  prevented 
.er  any   circumstance?,  and    its    power    is  im- 
!nse  against  anything  that  resists  it. 
(161.)  In  all  cases  where  pipes  are  placed  at 
■ious  elevations  above  the  boiler,  for  the  pnr- 
of  warming  different  floors  of  a  building,  or 
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Tvliere  from  any  other  cause  the  pipes  desceud  by 
Bteps  or  gradations  from  a  high  elevation  to  a 
lower  before  the  water  returns  to  the  boiler,  it  ia 
desirable  that  the  water  should  be  made  to  ascend 
at  once  from  the  boiler  to  the  highest  elevation. 
By  this  means  the  best  possilile  circulation  is 
always  insured,  as  there  will  then  be  the  greatest 
difference  between  the  weight  of  the  ascending 
and  descending  columns.  It  will,  however,  often 
be  found  convenient,  when  different  floors  of  a 
building  arc  required  to  be  heated  by  one  appa- 
ratus, to  have  a  separate  pipe  leading  from  the 
boiler  to  each  floor;  ns»it  is  difticutt  to  make 
horizontal  branch-pipes  effective  when  leading  out 
at  different  elevations  from  a  general  main-pipe 
rising  vertically  from  the  boiler.  This  arises  Irom 
the  extremely  rapid  motion  of  the  water  in  vertical 
pipes,  by  which  means  the  whole  of  the  heated 
water  passes  directly  to  the  highest  level,  without 
delivering  any  to  the  lower  horizontal  branches. 
This  plan  of  having  separate  pipes  for  each  floor 
is  better  than  having  one  pipe  gradually  descending 
through  them  all,  as,  the  shorter  the  circulation, 
the  more  equal  will  l>e  the  effect,  in  consequence 
of  greater  equality  in  the  temperature  of  the  pipea 
(Art.  49).  When  it  is  inconvenient  to  have 
Be]iarate  flow-pipes  from  the  boiler  to  each  lioor, 
an  equal  circulation  maj'  be  obtamed  by  tlie 
arrangements  shown  Art.  49. 

When  several  colls  are  fixed  in  succession  in 
different  places,  being  supplied  by  means  of  one 
general  main  pipe  with  its  return  pipe  passing 
underneath  the  main  or  (low  pipe,  it  is  not  unusual 
to  connect  the  colls  into  both  the  flow  and  the 
return-]»ipe,  thus— 

Fio.  SSd. 


OS    THE    HOT-WATER   APPARATUS. 


171 


plan  of  connecting  coils  very  often  fails 
tirely,  the  circulation  stopping  at  the  second, 
third,  or  fourth  coils  aa  the  case  may  be.  When 
the  main-pipe   is  very  large,   say  3  or  -1  inches 

Iiameter,  and  the  connections  from  the  main-pipe 
I  the  coils  are  about  1  inch  diameter,  this  mode 
I  connection  succeeds  tolerably  well,  and  several 
bIs  in  succession  may  be  connected  in  tliis  way  ; 
Bt  when  the  main-pipe  is  small,  such  for  instance, 
i  1^  inch  or  2  inches  diameter,  it  is  very  rarely 
rat  the  circulation  can  be  forced  beyond  the  first 
p  second  coil,  and  sometimes  it  stops  entirely  after 
Ee  first  coil.  The  reason  of  this  is  obvious.  The 
Tculation  returns  at  once  to  the  boiler  afcer  passing 
wirough  the  first  coil,  the  friction  being  too  gi-eat  and 
the  quantity  of  heated  water  being  too  small,  when 
passing  through  the  very  small  main-pipe  ;  and  in 
this  case  the  water  returns  to  the  boiler  through, 
llie  shortest  route  instead  of  flowing  through  the 
iiole  arrangement  of  pipes.  This  rarely  takes  place 
len  the  main-pipe  is  very  large,  unless  the  con- 
jctious  from  the  main-pipe  to  the  coils  are  out 
Idue  proportion.  Although  it  is  a  great  mistake 
Bit  one  that  is  often  committed)  to  make  the 
un-pipc  too  small,  proportionately  to  the  number 
1  size  of  the  coils  it  is  expected  to  supply,  a 
hch  emaller  main  pijie  may  be  used  when  the 
(la  in  a  range  are  connected  in  this  manner — that 
Fig.  38c. 


I  the  connections  being  made  to  the  flow-pipe 
By  this  means  of  connecting  coils,  a  circu- 
bon  can  be  secured  through  almost  any  number 
'  coils  without  any  inequabty  in  their  tem- 
'ffitare. 
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When  coils  are  connected  by  lateral  pipes  placed 
at  some  distance  from  the  main-pipes,  anotha* 
difficulty  frequently  occurs.  In  this  case  the 
circulation  is  very  likely  to  pass  by  the  lateral  or 
side  connection,  and  refuses  to  be  diverted  from 
its  straight  course.  Sometimes  a  lateral  connection 
of  4  or  5  feet  long,  at  right  angles  from  the  main 
pipe,  will  entirely  stop  the  circulation  into  the  coil, 
at  other  times  it  may  be  carried  very  much  further. 
This  difference  probably  arises  from  a  variation  in 
the  velocity  of  the  circulation ;  for  it  has  sometimes 
hap(iened  that  the  water  in  a  coil  fixed  laterally^  a 
few  feet  off  from  a  main-pipe,  will  circulate  when  the 
apparatus  is  first  set  to  work,  and  then  gradually 
cease  to  act  as  the  water  in  the  general  a[t|)aratU8 
gets  hotter  and  hotter.  This  effect  may  be  pre- 
vented when  the  main-pipe  is  sufficiently  large,  by 
placing  a  stop  half  way  across  the  main-pipe,  as  ex- 
plained. Art.  49,  with  regard  to  vertical  main-pipes. 

(162.)  In  those  cases  where  the  radiating  surfuccs 
are  not  placed  actually  in  the  room  or  building 
which  is  to  be  heated,  but  which  produce  their 
effect  by  heating  successive  portions  of  air,  which 
then  pass  into  the  room  that  is  to  be  warmed,  there 
will  always  be  considerable  Io-hs  of  heat,  which  will 
require  a  correction  to  be  made  In  the  calculationa 
already  given.  This  applies  also  to  those  cases 
where  the  pipes  are  placed  in  drains  or  trenches 
below  the  floor,  with  trellis  gratings  or  ventilators 
in  the  floor  to  cover  the  jiipes  and  to  emit  the  heat. 
The  proportion  of  heat  lost  by  this  means  will 
depend  upon  various  circumstances.  When  the 
pipes  freely  radiate  their  heat  into  the  room  to  be 
warmed,  about  one-fifth  of  the  total  effect  is  pro- 
duced by  radiation,  and  the  rest  by  contact  of  the 
lur  with  the  heated  surface  (Art.  227,  et  sei/.). 
But  that  portion  nf  the  heat  obtained  by  radiation 
will  be  considerably  reduced  by  placing  the  pipes 
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in  a  trench.     For  the  interior  surface  of  the  trench 
vnll  become  considerably  hentcd  ;  and  as  the  hent 
given  off  by  radiation  depends  in  a  great  d^rree 
upon  the  oiflFerence  of  Uiraperature   between    the 
beated  body  and  the  medium  by  which  it  is  sur- 
"     idcd,   it  follows  that  the  hotter    the  trench 
imes  the  less  radiant  heat  will  be  given  off  by 
the  pipes.     The  loss  of  effect  by  this  means  would 
be  considerable  were  it  not  for  the  circumstnuce 
of  the  heated  surface  of  the  trench  itself  given  out 
by  conduction  to  the  air.     The  effect,  there- 
becomes  a  very  complicated  one.     But  it  may 
ibably  be  assumed,  as  a  tolerably  correct  reault, 
the  loss  of  heat   by  placing  the  pipes  in  a 
ich  which  is  well  covered  for  nearly  its  whole 
gth  with  trellis  gratings,  will  not  exceed  five  per 
it.  in  ordinary  circumstances.     When  the  trench 
only  partially  covered  with  trellis  gi-atings,  the 
of  heat  will  be  more  ;  and  therefore,  wheu  this 
plan  of  placing  the  pipes  is  adopted,  at  least  two- 
thirds  of  the  entire    trench  ought   to  be  covered 
with  the  trellis  grating,  and,  if  possible,  the  whole 
iength  should  be  so  covered,  in    order   that  the 
t  possible  escape  be  allowed  for  the  heated  air. 
le  trench   also  should  not    be  made  too  large. 
The  best  size  will  be,  to  have  it  just  large  enough 
to  hold  the  pipes,  and  to  allow  the  workmen  easily 
to  fix  them ;  and  all  the  space  beyond  that  will  only 
id  to  diminish  the  effect  of  the  apparatus.* 

It  LB  aomelimes  desirable  to  make  tbo  bottom  and  sides 
these  trenches  full  of  holes,  for  the  purpose  of  admitting 
&esh  air  into  the  building.  Some  remarks  on  this  subjeut 
will  be  found  under  the  head  of  '■  Ventilation,"  in  a  snbse- 
qaent  chapter  (Art.  353).  It  requires  great  judgment  in 
this  case  in  order  to  prevent  the  cold  air  being  discharged 
into  the  room  instead  of  first  warming  it  by  proper  contact 
with  the  pipes.  A  much  smaller  surface  of  trellis  grating  is 
roqoited  in  this  case,  but  a  much  larger  surface  of  pipe  ts 
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The  same  remarks  will,  of  course,  apply  to  all 
cases  where  the  pipes  or  other  radinting  Burfacea 
are  placed  in  vaults  or  charaliers  below  the  rooms 
intended  to  be  heated  ;  and,  in  all  cases  of  this 
kind,  allowance  must  be  made  for  the  loss  of  effecl 
arising  from  the  causes  here  ilescrilied.  It  should 
also  be  observed  that  when  tlic  heating  surfaces 
are  placed  in  vaults  or  chambers  lielow  the  rooms 
to  be  heated,  and  are  so  contrived  that  the  air 
from  the  rooms  does  not  jiass  over  them  a  second 
time,  but  fresh  external  air  alone  is  made  to  f 
over  them  and  then  to  escape  from  the  heated 
room  by  means  of  ventilators,  from  50  to  70  per 
cent,  more  pipe  ia  necessary  to  heat  a  given  space 
than  will  be  required  if  the  air  of  the  heated  room 
be  made  to  circulate  repeatedly  over  the  heating 
surfaces.  The  air  will  be  more  salubrious  when  it 
is  not  heated  over  again  a  second  time,  but  the  cost 
of  the  apparatus  will  be  greatly  increased. 

Whenever  the  heating  surfaces  are  placed  in 
vaults  or  chambers,  and  not  distributed  generally 
in  the  rooms  to  be  heated,  it  requires  great  judg- 
ment in  placing  the  openings  for  the  emission  of 
heated  air  in  a  proper  position ;  for  if  there  is  a 
current  of  cold  air  from  one  end  of  the  room  or 
building — as,  for  instance,  in  a  church  which  has 
the  entrance  at  one  end — it  is  impossible  to  make 
the  hot  air  travel  to  the  extremity  of  the  building; 
but,  being  met  by  the  cold  current  from  the  door, 
it  will  be  forced  back  and  prevented  from  reaching 
the  colder  end.  This  circumstance  has  entirely 
destroyed  the  beneficial  action  of  innumerable 
apparatus  ;  and  so  strong  frequently  is  the  action 
of  the  cold  current  of  air  in  such  buikUngn,  when 
rushing  into  a  somewhat  rarefied  atmosphere,  that 
it  has  not  unfrajuently  happened  that  under  these 
circumstances  the  building  has  become  considerably 
colder  when  the  heating  apparatus  is  used  than  it 
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tts  before  the  pipes  were  warmed  or  the  fire 
^hted.  The  only  remedy  is  to  place  the  openings 
the  emission  of  hot  air  in  such  parts  of  the 
lailding  that  it  shall  not  meet  with  these  opposing 
Jits  of  cold  air.  It  is  sometimes  very  difficult 
>  accomplish  this,  and  it  retjuires  great  judgment 
Eciently  to  warm  buildings  under  these  circum- 
ces. 

.63.)  One  of  the  most  efficient  plans  for  warm- 
large  buildingp,  and  at  the  same  time,  the 
t  difficult  to  accomplish,  except  when  directed 
by  great  experience  and  judgment,  is  by  combining 
the  two  methods  of  placing  part  of  the  heating 
lurfaces  in  vaults  or  chambei-s,  and  part  in  flues 
drains.  By  this  method  perfect  ventilation  can 
secured,  but  the  expense  is  considerably  in- 
cased. Not  only  will  the  heating  surfaces  require 
to  be  increased  at  least  50  per  cent,  beyond  the 
ordinary  method  of  heating,  but  proper  arrange- 
ments must  be  made  for  extracting  the  foul  or 
contaminated  air  from  the  ceiling  or  roof  (see 
Art.  360.  lie).  But  this  plan  of  warming  requires 
""ewise  very  special  arrangements.  The  air  in 
9  case  must  be  admitted  into  a  vault  or  chamber, 
,d  there  heated  by  means  of  coils,  or  pi{jea,  or 
;her  surfaces,  on  which  the  admitted  air  must 
impinge  and  be  kept  sufficiently  in  contact  to  be- 
come heated.  It  is  then  to  be  conveyed  into  the 
room  or  building  which  is  required  to  Ije  warmed 
through  drains  or  channels  in  which  a  certain 
quantity  of  hot  water  pipes  arc  placed,  as  the  hot 
air  will  not  travel  along  cold  lateral  drains  for  any 
Considerable  distance.  To  decide  what  proportion 
of  the  whole  heating  surface  shall  be  placed  in  the 
'  „  and  what  in  the  channels  or  drains  requires 
t  consideration  and  e.\perimenta!  knowledge. 
proportions  are  erroneous,  the  heating  may 
entirely  neutralized  in  certain  states  of  the 
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wind,  and  a  reverse  action  may  take  place  by  which 
all  the  hot  air  may  be  discharged  through  the  cold 
air  drains  when  the  wind  blows  from  certain  quarters. 
The  form  of  the  building,  and  its  exposed  or  sheltered 
situation,  have  great  influence  in  this  case.    In  some 
buildings  no  such  reverse  action  ever  takes  place- 
In  perfectly  plain  straight  buildings,  this  action  of 
the  wind  is  most   likely  to  occur.      In  others  of 
irregular  form,  and  where  there  are  numerous  pro- 
jections, or  buttresses,  or  any  thing  likely  to  break 
the  force  of  the  wind,  the  reverse  action  is  the  least 
likely  to  happen.     In  some  cases  less  than  a  fourth 
of  the  entire  heating  surface  laid  in  the  trenches  is 
sufficient  to  give  motion  to  the  air  :  in  other  case.^ 
half  or  two-thirds  laid  in  the  trenches  will  not  h 
more  than  is  necessary  for  the  purpose  of  causini 
the  heated  air  to  flow  readily  through  the  drains 
There  is  no  plan  so  effectual  as  this  for  bringio;  :jd 
warm  fresh  air  into  a  building,  and  thus  combinin    J 
ventilation   and  warming,  but    the   contingenci* 
attending  it  are  not  inconsiderable. 

In  all  those  forms  of  the  apparatus  where  ? 
effect  depends  on  bringing  in  a  body  of  cold  fr 
air  from  the   exterior  of  the  building — and  • 
applies  also  to  all  Fig.  88d. 

forms  of  hot  air  ^ 

apparatus        and  ''>=  i 

cockle  stoves — a 
very    high    wind  [ 

will      sometimes  i — * 

stop  the  action  of 
the  apparatus  en- 
tirely.     Suppose 


-->■ 


fig.  38d  to  repre-  ^  i  I 

sent  the   ground  ^^   * 

plan  of  a  building  t 

to  be  warmed  by  t 

any  kind  of  heating  apparatus  placed  in  a  v: 
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chamlier  shown    by  the  dotted  lines.     Wlien  the 

wind  blow8  from  any  of  the  points  shown  by  the 

arrows,  the  air  will  enter  the  vault  or  chamber 

n'tthotit  much  difficulty  if  the  channel  is  sufficiently 

But  if  the  wind  blows  strongly  from  any 

lier  quarters  than  those  shown  by  the  arrows,  the 

instead  of  being  drawn  into  the  chamber  or 

tenlt,  will  experience  a  reverse  action,  and  the  air 

rill  be  drawn  or  sucked  out  from  the  building. 

"uB  arises  from  the  greater  pressure  of  the  air  on 

i  windicard  side  of  the  building,  which  causes  a 

Iftrtial  vacuum  to  be   produced  on  the  opposite 

jde  where  the  cold    air  drain  is  placed.     Under 

liese  circumstances  the  whole  action  is  reversed,  and 

^e  heated  air  is  sucked  out  of  the  buildiug  entirely. 

When  the  force  of  the  wind  is  much  broken  by 

B  irregular  form  of  ttic  building,  or  by  surround- 

tog  objects,  this  effect  is  scarcely  likely  to  happen. 

There  it  does  occur,  the  best  remedy  is  to  make 

\  second  entrance  for  the  air  from  the  opposite 

ide  of  the  building  and  temporally  to  close  the 

toe  or  the  other,  as  the  direction  of  the  wind  may 

inder  necessary. 

The  most  effectual  way  of  preventing  the  reverse 
pction  which  is  here  described,  is  to  bring  the  cold 
into  the  hot  air  chamber  by  a  very  large  flue 
r  channel  from  above  the  roof.  This  flue  must 
ptand  as  high,  or  higher  than  tlie  roof,  and  it  should 
B  surmounted  by  a  cowl  or  turncap,  balanced  so 
1  to  turn  towards  the  wind  instead  of  from  the 
ad,  as  usual  for  ventilating  or  smoke  purposes, 
Tie  large  size,  however,  of  this  flue  and  the  sur- 
toounting  turncap  is  a  very  serious  obstacle  to  its 
Thus,  suppose  a  room  containing  500  people. 
Ihe  quantity  of  air  required  to  ventilate  this  room 
would  be  (Art.  360)  5,000  cubic  feet  per  minute  ; 
and  this  would  require  the  flue  or  channel  to  have 
a  capacity  of  21  square  feet.     It  would  be  almost 
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impossible  to  maljc  so  large  a  flue  in  any  ordinary 
building  ;  and  unless  the  flue  was  of  sutticient 
size,  it  would  be  of  very  little  use-  For  a  private 
house,  heated  on  this  principle,  of  course  a  verj- 
much  smaller  flue  would  be  sufficient,  but  even  a 
flue  of  2  feet  square  (or  4  square  feet  area),  would 
be  a  most  inconvenient  incumbrance  if  it  passed 
from  the  roof  to  the  basement  of  the  house  to 
supply  air  to  the  hot  air  chamber. 

There  is  also  another  error  to  be  guarded  against 
in  adopting  this  mode  of  placing  the  beating  sor- 
mces  in  a  separate  vault  or  chamber.  It  is  indis- 
pensable that  the  vault  should  not  be  too  large. 
If  it  is  much  larger  than  the  beating  suriaces,  or 
if  the  heating  surfiices  be  placed  too  far  apart  from 
each  other,  the  entering  air  will  pass  by  or  escajie 
mthout  sufficient  contact,  and  will  enter  the  room 
or  building  as  a  cold  draught.  The  more  confined 
the  space  of  the  heating  chamber,  the  better  will 
be  the  effect,  provided  there  is  sufficient  space  to 
allow  the  air  a  toleiably  free  passage:  if  it  can 
escape  round  the  sides  of  the  chamber  without 
coming  in  contact  with  the  heating  surfaces  it  will 
cerfainly  do  so,  as  there  is  a  natural  repuUiou 
between  these  heated  surfaces  and  the  entering  air. 

(Hii.)  The  mechajiical  oiJcration  of  litting  to- 
gether the  |ii|)e8  is  a  subject  known  to  most  good 
workmen  who  are  acquainted  with  iron-work. 
The  usual  and  best  kind  of  pipes  for  the  puriioso 
are  those  with  socket-joints,  those  with  flange- 
joints  having  long  ceased  to  be  employed  for  hot- 
water  apparatus.  And  even  for  steam,  whero 
flange-jointa  were  formerly  invariably  used,  the 
socket-joints  are  now  very  frequently  employed, 
as  they  make  a  much  neater  ana  at  the  same  timu 
an  equally  strong  joint.  In  fact,  when  the  joint* 
of  Bocket-pipes  are  well  made,  tlie  pipes  tlicmselvt* 
will  break  before  the  joints  will  yieUi,  or  before  the 
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pcet-end  of  one  \n\ie  can  ha  drawn  out  of  the 

'  et  of    the  other.     The    joints   require    to    be 

cautked  with  spun  yarn,  and  then  tilled  up 

1  cement.    The  BtrongBst  cement  is  that  known 

_      2r6  under  the  name  of  iron  cement,  con- 

ng  of  iron  borings,  sal  ammoniac,  and  sulphur; 

it  requires   to  be    used    with    groat   caution, 

expands    very  much,    and  very  fi-equently 

rets    the   pipes.      But   other    cements    are   fre- 

' '  used,  the  principal  of  which  are  a  mixture 

;e  and  red  lead,  which  makes  a  very  good 

cement  ;  and  a  cement  made  of  quicklime  mixed 

into  a   paste  with  boiled   linseed    oil*  has    occa- 

jionolly  been  employed  with  considerable  succeas. 

■e-clay     sifted     fine    and    mixed    with    boiled 

also    makes    a  good    cement  ;    and  Portland 

mixed    with  water    has    also    been    used 

jointing    pipes    where    there   is   little   or    no 

Bure.     But  perhaps  the  hardest  cement  of  all 

t  and  white  lead  mixed  with  a  considerable 

ntity  of  iron  borings,  which  is  very  enduring 

as  an  extremely  hard  cement.      For  all 

Binary    ])ar|)oses,  the   best   cement   is   red   and 

lead  ;    and  a  very  small   quantity  of  iron 

inent  applied  as  a  means  of  finishing  the  joint 

red  and  white  lead  being  used  at  the  bot- 

f  the  joint,  and  the  iron  cement  at  the  top — 

I  perhaps  the  best  joints  that  can  be  made. 

thousands  of  pipes  have  been  burst  at  the 

nts  from  impro|)er  modes  of  using  the  cement. 

lienever  iron  cement  is  used  in  too  large  quan- 

»,  and  too  strong  in  its  chemical  proportions, 

,a  are  almost  certain  to  burst  nfier  they 

:  been  made  a  few  months.     For  a  chemical 

*  TtlisoonipOBition  is  TeryliabletoBpontaueoaBOombuation, 

I  should  theretoro  be  used  with  cantioii,  particularly  by 

S  it  apart  from  auything  likely  to  ignite  by  the  heating 

Lbe  mate  rial  a. 
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action  takea  place  in  the  iron  cement,  which 
slowly  expands,  and  thus  bursts  the  sockets  of  the 
pipes,  if  the  quantity  used  is  at  all  in  excess  ;  and 
this  slow  chemical  action  has  heen  found  to  go  on 
for  many  months,  and  sometimes  even  for  years, 
causing  the  most  serious  loss  and  inconvenience 
by  the  deetruction  of  the  pipes. 

(165.)  It  may  be  desirable  to  make  a  few  obser- 
vations on  the  water  that  is  to  be  used  in  this 
kind  of  apparatus.  Sometimes  the  foulest  and 
most  tiUiiy  water  is  used  in  a  hot-water  apparatup, 
by  which  a  thick  coating  of  mud  is  deposited,  and 
which  must  necessarily  not  only  much  reduce 
the  eftect  of  the  apparatus,  but  also  mjure  the 
boiler.  But  a  far  more  general  and,  in  fact,  on 
extremely  common  error  lies  in  using  hard  water, 
which  contains  a  large  tjuantity  of  earthy  salts. 
Rain-water  ought  to  be  used  when  it  can  possibly 
be  obtained,  because  all  hard  waters  are  impreg- 
nated with  saline  matter,  which  forms  the  sediment 
or  incrustation  so  common  in  those  vessels  in 
which  water  is  boiled.  This  incrustation  always 
accumulates  in  the  lioiler  of  a  hot-water  apparatus 
in  which  hard  water  is  used,  and  forms  a  coating, 
varying  in  substance  from  the  thinnest  lamina  to 
three  or  four  inches  in  thickness.  When  this 
deposit  of  saline  matter  occurs  in  a  boiler,  not 
only  is  less  heat  received  by  the  water,  in  conse- 
quence of  the  conducting  power  being  lessened 
by  the  interposed  substance,  but  the  boiler  will  be 
much  injured  by  the  increased  heat  of  its  externa] 
surface,  and  more  fuel  will  be  consumed. 

The  quantity  of  sediment  formed  in  a  hot-water 
apparatus,  however,  bears  no  comparison  in  ordi- 
nary cases  mth  that  of  steam-boilers.  In  the 
latter,  the  quantity  is  so  large  as  sometimes  to 
require  its  removal  at  least  once  in  every  three  or 
four  days,  and  sometimes  even  oitener.     But,  as 
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lere  is  scarcely  any  evaporation  from  a  hot-water 

»iler  under  ordinary  circumstances,  the  quantity 

T  sediment  is  so  Bmall.  if  the  water  is  good,  that 

i  boiler  does  not  require  cleaning  ont  even  after 

«y  year's  use.     This  remark,  however,  will  not 

El^tply  to  such  forms  of  ai>iiaratus  as  Mr.  Rendle's 

lor  Mr.  Corbett's  (Art.  144  and  147)  ;  for  in  these 

!  evaporation  of  the  water  is  so  great  that  the 

diment  in  the  boiler  must  necessarily  be  very 

[flwiBiderable,    and,    without    proper   care,    it  may 

»me  a  most  serious  evil.      Owing  to  the  ex- 

me  smallness  of  the  boilers  used  for  hot-water 

pjaratus,    it    is    very    difficult    to    clean    them 

irora  sediment,  and  with  the  majority  of  them  it  is 

impossible.       When,    therefore,    such     boilers    are 

applied  to  an  apparatus  on  the  tank  system,  or  to 

Mr.  Corbett's  open    troughs,    they   will  probably 

"il  in  a  comparatively  short  time,  unless  the  use 

F  rain-water  be  strictly  adhered  to.     The  plan  of 

len  troughs  cast  on  the  pipes  (Art.  1471  is  not 

F  course  liable  to  the  same  objection  ;  for,  how- 

'er  large   the   evaporation    may    be,    the    boiler 

not   be  affected   by    it,    as   the   sediment  will 

lessarily  remain  in  the  troughs,  and  can  easily 

I  removed. 

k(166.)  This  kind  of  sediment  can  only  be 
lOVed  from  a  boiler  with  great  difficulty.  It 
eists  principally  of  carbonate  of  lime  and 
nlphate  of  lime,  together  with  the  sulphates  of 
oda  and  magnesia,  and  several  other  salts,  vary- 
■ing  considerably  in  different  localities.  A  weak 
Isolation  of  muriatic  acid  (one  part  of  acid  by 
aaure  to  20  or  30  parts  of  water)  will  generally 
_  dace  this  concreted  sediment  into  a  substance  of 
IfiBs  tenacity,  which  may  then  be  removed  with 
slight  mechanical  force.  Sometimes  this  sediment 
u  HO  hard  as  to  bear  polishing,  when  it  exactly 
resembles  marble,  being  beautifully   speckled   or 
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yeined.  At  otlier  times  it  shews  successive  layers 
loosely  a^fjregated.  In  some  jilacea  where  the 
water  is  ohtained  in  mineral  ilistrlcts,  large  eedi' 
merits  of  iron  or  even  of  copper  may  be  found  in 
the  pi()es  and  boilers  of  hot-water  apparatus, 
causing  the  greatest  possible  annoyance.  In  this 
Ciise  the  deposit  is  more  usiially  found  in  the  pipes 
than  in  the  boilers,  forming  either  a  brown  or  a 
yellow  deposit  according  as  the  iron  may  be  in  the 
state  of  a  sulphate  or  a  carbonate.*  By  using 
rain-water  tlie  inconvenience  arising  fi-oni  these 
deposits  will,  however,  be  entirely  avoided,  and 
the  apparatus  will  both  last  longer  and  he  more 
efficient. 

(167.)  Some  inconvenience  has  occfteionally 
been  experienced  when  a  hot-water  apparatus  has 
been  left  for  a  long  time  without  being  used,  and 
exposed  to  considerable  degrees  of  cold,  by  the 
water  becomint^  frozen  in  the  pipes  ;  for  it  ia  not 
only  tliflicult  in  such  cases  to  thaw  the  water,  but 
sometimes  also  the  pipes  Ijurst,  To  prevent  the 
pipes  from  cracking,  it  will  generally  be  suthcient 
to  draw  off   a  portion  of  the  water,  so   tluit  the 

*  There  are  forty-three  ascertained  substancea,  which  ant 
knonn  a^  coiitaminatiiig  diiiTerent  waters.  Of  iliese,  semi 
are  gaaeH,  two  are  Iree  aoids,  and  thirty-four  are  aeiilrol  salts. 
The  oalls  of  hme  moEt  commonly  found  ia  water  have  been 
mentioned  above  in  tho  text.  The  other  impurities,  with  tha 
esceplion  of  iron,  are  not  of  usual  occurrence.  Iron  is  foootl 
in  water  in  two  different  states,  the  Carbonate  and  i 
Sulphate.  In  the  stale  o(  carbonate,  tho  iron  gives  a  yeUoir 
ochre  colour  to  the  Eediment.  The  carbonate  of  iron  easU; 
parts  nnth  iis  carbouic  acid,  and  paxees  into  an  oxide  of  iron, 
vhich  is  insoluble  in  water.  The  sulphate  of  iron,  wliich  i« 
very  soluble  in  water,  absorbs  oxygen  very  easily  and  th^n 
becomea  insoluble  and  is  precipitated  in  the  form  of  a  bronn 
oxide  or  ochre.  Those  oxides  are  very  destructive  to  tlie 
pipes  and  builtre  of  hot-waler  apparatus.  The  neutral  aoJU 
thus  formed,  rapidly  choke  up  the  pipes  and  boi!er»,  wliile 
the  aeidx  net  free  in  their  formation,  serionsly  injure  the  n 
tollic  aubstonce  of  the  apparatus  itself. 
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risontal  pipes  shall  not  be  quite  full  ;  for  the 

icking    of    the  pipes    arises    from   the    sudden 

Spaii:^on  wliich  takes  place  in  the  water,  at  the 

Boment  of  its  passing  into  the  solid  state  of  ice. 

it  "when  the  apparatus  is  not  likely  to  be  used 

■  a  considerable  time,  it  would  be  much  better, 

the    weather    be    very   cold,  to    empty     the 

entirely  of  water ;  for  it  is  always  trouble- 

fcme  to  thaw  the  water  when  once  frozen  in  the 

i»C8,*      In   an  apparatus  used  in  a  building  of 
lich  the  temperature  is  always  above  32",  this 
is  obviously   unnecessary,    as  the    water    cannot 
then  he  frozen.    Apian,  however,  might  be  adopted 
_  which  wLU  effectually  prevent  the  water  freezing 
"rith  any    ordinary   degree   of    cold,    namely,    by 
'ng  Bait  water  in  the  apparatus,  instead  of  fresh 
Water.     This   plan  would  certainly  be  somewhat 
injurirms    to    the   apjiaratua,    on    account    of    the 
action  of  the  salt  on  the  iron  ;    but  the  injury 
-Would  not  lie  extensive,  and  would  be  very  slow 
I  its  operation.     Perhaps  in  this  country  such  a 
unnecessary ;    but    should    this    kind  of 
pparatus  be  adopted  in  colder  climates,  the  sug- 
restion  might  be  useful.     The  larger  the  ((uantity 
f  salt  which  a  given  portion  of  water  contains, 
I  greater    is    the    degree    of    cold   necessary   to 
Bgeal  it.     Thus,  the  quantity  of  salt  contained 
sea-water  is  al)out  three  per  cent.  ;f  this  re- 

B  perhaps  not  generally  known,  that  water  which  has 

a  boited  freezes  sooner  than  that  which  has  not  been  boiled. 

k  oiranmsluuce  was  observed  by  Dr.  Block,  iu  1775  ( I'hilo- 

hieal  Tramactions,  vol.  Ixv.,  p.  ]24).    But  it  has  eiuoebeen 

mirked,  that  Aristotle,  Pliny,  and  others  of  the  ancients, 

:ed  the  same  fact  in  their  writings  {ilraioini  o/tlu 

r  PkiXoKi'phkal  Society,  vol.  i.,  p.  201). 

t  This  qnantity  varies  conaidorably  in  different  localities. 

'n  the  Enghsb  Channel  the  quantity  is  as  above  stated  ;  bnt 

1  the  coast  of  Spain  it  contains  about  6  per  cent.,  while  the 

r  of  the  Baltic  only  containsabout  1^  per  cent.  Between 
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quires,  according  to  Dr.  Marcet,  a  temperature  of 
about  28°  to  freeze  it ;  but  if  the  quantity  of  salt, 
be  increased  to  4'3  per  cent.,  the  water  will  not 
freeze  until  the  cold  be  reduced  to  27^°  of  Fahren- 
heit, or  4^"  below  the  ordinary  freezing-point  of 
fresh  water.  When  the  water  contains  G'Q  per 
cent,  of  salt,  it  will  not  freeze  until  the  temperature 
be  reduced  to  25^°  of  Fahrenheit  ;  and  if  it  con- 
tune  ll'l  per  cent.,  the  temperature  must  reach 
as  low  as  21^"  before  the  water  will  congeal.* 

The  effect  which  would  be  produced  on  cast- 
iron  pipes  and  boilers,  by  any  of  these  quanti- 
ties of  salt,  would  not  be  of  much  importance; 
although,  in  process  of  time,  it  ivould  certainly  in 
Bome  degree  corrode  the  apparatus-!  When  the 
apparatus  has  been  once  hUed  with  salt  water,  the 
waste  wliich  occurs  in  the  water,  hy  evaporation, 
should  only  be  supplied  with  fresh  water;  for,  as 
the  salt  does  not  evaporate,  the  same  quantity  of 
salt  will  remain  in  the  apparatus,  and  will  com- 
bine with  the  fresh  water  when  added. 

(168.)  As  water  at  a  medium  temperature  can 
hold  in  solution  nearly  36  per  cent,  of  common 
salt  (chloride  of  sodium),  and  nearly  40  per  cent, 
at  the  boiUng  temperature,  there  is  no  fear  of  any 
deposit  forming   in  the  boiler  from   this   cause.^ 

the  Tropica  the  qnantity  is  very  large ;  as  mticb  as  10  per 
cent,  is  Htated  to  exist  in  some  of  tlte  tropical  seas  and  oceans. 
(Dre'a  '•  Chemical  Diotionftry."  art.  '■  Mnriatio  Acid.") 

•  Ure's  ■' Chemioal  Diolionary,"  art.  "Caloric;"  and 
"  hlagdeii'i  Experiments,"  I'hUoiophieal  Tranaactiant,  TOL 
Ixxviii.,  p.  279. 

t  A  remarkable  difference  obtainB  in  the  late  at  whieli 
oxidation  acts  on  cast  and  on  wroogbt-irou.  Hard-cast  iron 
Vill  resist  oxidation  about  three  times  as  long  as  wrought- iron ; 
and,  according  to  the  experiments  of  Mr.  Daniell,  tjie  satM 
difference  cslets  in  the  length  of  time  requisite  to  produce  a 
given  effect  by  acids.  The  effect  on  soft  cast-iron  will  approMli 
nearer  to  that  of  wrought-iron,  varying  with  its  hardnesi. 

t  Ure's  "  Chemical  Dictionary,"  art.  "  Salt." 


ox    TUB   liOT-WATEB   APPARATUS.  185 

Tbc  reason  of  b  de[K>sit  fonning  in  boilers  where 
*iard   water  is  used,  ie,  because  the  wacer  leaves 
nd,    on    evaporation,    Ihe     saline    compounds 
:fa  it  held  in  scilulion;  and  ns  the  water  which 
I  added  to  supply  the    place  of  that  which  has 
raporated  likewise  contains  the  same  extraneous 
platter,     the    quantity    presently    becomes   larger 
tlian   the   water  can    hold   in    Bohition,    and   the 
residue  is  precipitated  and  hardened  by  the  heat 
of  the    fire.     All    the    salts   of  limCj    which   are 
^^^uolly    contained    in    hard    water,    are   likewise 
^^bluble  in  thiij  fluid  only  in  a  very  limited  degree. 
^^Bdf  instance,  sulfthate  of  lime,   one  of  the  most 
BKnnmon  Ingredients  in  hard  water,  is  soluble  in  it 
only  to  the  extent  of  "2  or  one-fifth  of  one  per 
cent.;  and  carbonate  of  lime  in  a  still  smaller  pro- 
portion ;  therefore  the  precipitation  begins  to  take 
place  so  soon  as  the  quantity  exceeds  this  small 
amount 

,  It    ghonld    also    be    observed   that  hot   water 

tBtains  less  of  the  salts  of  lime  in  solution  than 

bd  water,  which  latter   deposits  lime  on  beiiig 

nted.     If,  therefore,  the  water  in  a    hot  water 

paratua    is    frequently    or  constantly   changed, 

a   is   a   rapid  deposit   of  lime  formed  in  the 

s  or  boilers  or  cisterns  which  contain  it.     This 

IS  particularly  the  case  in  all  apparatus  used  for 

bath  puq)08e«,  where  from  the  constant  change  of 

(water,  by  the  addition  of  fresh  water  to 
tply  the  place  of  that  drawn  oft'  for  use,  the 
king  up  of  the  boilers  and  pipes  is  extremely 
id  unless  constant  attention  is  given  to  the 
loval  of  the  sediment.* 
L  patent  has  recently  been  taken  out  by  Mr. 
inton  for  the  use  of  chloride  of  calcium  mixed 
with  water  in  certain  ijuantities  in  order  to  pre- 
vent the  water  freezing,  more  particularly  a|>pli- 
•  See  Chap.  IX.,  art.  179»,  «  teq. 
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cable  to  the  liigh-preBSiire  and  small  pipe  system 
(Art.  119—133).  It  is  favourably  spoken  of  as 
remedy  for  the  jiipee  freezing,  which  is  a  casualty 
to  which  the  small  pipes  are  liable  when  used  " 
colder  climates  than  our  own.  It  is  likewise 
stated  that  the  mineral  oil  used  in  Coftey's  Patent 
(Art.  134)  will  not  freeze,  and  retains  its  fluidity 
at  all  temperatures. 

(169.)  In  Chapters  XII.  and  XIII.,  some  of  the 
most  important  of  the  laws  of  heat,  which  ara 
applicable  to  tlie  general  subject  of  this  treatise, 
are  de8cri!)ed,  and  also  the  experimental  data  on 
which  are  founded  several  ol  the  calculationi 
given  in  the  preceding  chapters.  Those  who  an 
desirous  of  investigating  for  themselves  the  accu- 
racy of  the  various  mice  which  have  been  given, 
will  thus  be  enabled  to  judge  of  the  subject  in  ' 
more  scientific  bearings. 

(170.)  Before  concluding  these  remarks,  how- 
ever, it  may  be  pro]ier  to  observe  that  building) 
which  arc  heated  by  hot  water  ought  always 
have  some  efficient  mode  of  ventilation;  for, 
though  the  air  may  not  l>e  injured  by  the  appam- 
tus  employed  to  heat  it,  the  air  of  all  inhubitei 
rooms  must  necessarily  be  deteriorated  by  thi 
respiration  of  the  inmates.  This  remark  wouU 
have  Iteen  superfluous  were  it  not  that  cases  havi 
occurred  where  the  evils  that  have  arisen  fron 
defective  ventilation  have  been  eri-oneously  attri 
buted  to  this  plan  of  wanning  by  hoc  water 
The  vajKHir  which  is  given  off  from  the  lungs 
the  inmates  of  a  room,  under  these  circiimgtanci 
ia  condensed  upon  the  windows,  and  has 
supposed  to  arise  from  the  water  in  the  apparati 
being  converted  into  steam,  and  escaping  tbrongl 
the  joints  of  the  pipes.  If  this  were  a  solitat} 
opinion,  it  might,  like  nmny  othera  equally  erro- 
neous,  be    pass'il    'ivfr    in    -siJencf  ;     but. 
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been   eerioiialy   objected   against  the    inveu- 
by    many   who   ought    to    know   better,   it 
may  be  worth  while  to  state  the  cause  more  at 
length. 

(171.)  The  quantity  of  vapour  given  off  from 
le  lungs,  and  also  by  exhalation  irora  the  skin, 
i>een   estimated    at    from   twelve   to   thirteen 
_  -aina  per  minute  for  each  person.     U,  iii  conse- 
quence of  inijierfect  ventilation  of  inhabited  rooms, 
tlie    air   cannot  escape   alter  it  has  received  this 
Iditional  quantity  of  vapour  exhaled   trom  the 
idy,  it  must,  as  soon  as  it  has  acquired  a  larger 
lantity  of  moisture  than  the  temperature  of  tlie 
•temal  air  will  support   in  the  ibnn  of  vapour 
(Art.  330),  deposit  a  portion  of  it  upon  the  glaas  ; 
because,  the  glass  being  nearly  of  the  same  tem- 
[Xrrature  as  the  external  air,  whatever  quantity  of 
tho  internal  air  comes  in  contact  with  it,  its  tem- 
jieratiire  is  immediately  lowered,  and  the  excess  of 
its  vapour  is  condensed  upon  tlie  surface  of  the 
glass.      Thus,  suppose  the  temperature  of  the  air 
m  a  room  to  be  65",  and  the  dew-point  55",  then,  if 
temperature  of  the  external  air  be  only  35",  as 
of  the  air  in  the  room  as  comes  in  contact 
the  glass  will  deposit  whatever  vapour  it  con- 
above  the  quantity  that  a  temperature  of  35° 
enable  it  to  sustain.      Under  these  circum- 
;ce8,  the  amount  deposited  on  the  glass  will  be 
330)  about  two  grains  for  each  cubic  foot  of 
tliat  is  cooled  by  the  glass  ;  and  the  same  eft'ect, 
lUgh  in  u  less  degree,  will  take  place  on  all  the 
ler  cold  surfaces  in  the  room.     As  each  square 
of  glass  will  cool  one  and  a  quarter  cubic 
of  air  \)CT  minute,  from  the  internal  to  the 
inwl    temperature    (Art.    101),    we    shall    find 
,  under  the  circumstances  we  have  supposed. — 
,ch  is  purj'osely    taken  as  an  extreme  case, — 
quantity  of  vapour  deposited  in  this  maun 
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.will  amount  to  two  and  a  half  grains  per  minute 
on  each  square  foot  of  glass. 

(17:i,)  We  need  be  at  no  loss,  then,  to  discover 
the  cause  of  this  uccLiraulation  of  vapour  on  the 
windows  and  walla  of  rooma  which  are  badly 
ventilated  ;  and  whenever  the  quantity  of  mois- 
ture thus  condensed  appears  to  be  considerable, 
it  may  be  taken  as  good  evidence  that  the  venti- 
lation of  the  room  ia  imperfect.  That  the  same 
amount  of  condensation  does  not  result  from  the 
use  of  hot  air  and  cockle-stoves,  is  in  consetiuence 
of  a  portion  of  the  vapour  being  decomposed  by 
the  intense  heat  ;  but  when  this  method  of  avoid- 
ing the  inconvenience  is  adopted,  a  worse  evil  is 
produced  than  that  which  is  attempted  to  be 
removed,  although,  perhaps,  it  is  not  bo  obvioofl 
to  the  sight. 

(173.)  A  similiar  error  is  very  frequently  com- 
mitted in  the  construction  of  drying  closets  and 
rooms  intended  for  drying  various  articles  in 
manufactures  and  the  arts.  It  is  frequently  sup- 
I»osed  that  a  sufficient  degree  of  heat  is  all  that 
ia  required  for  this  purpose,  and  the  amount  of 
ventilation  is  considered  quite  an  unimportant 
matter.  It  need  scarcely  be  observed  that  the 
reverse  of  this  is  the  proper  course,  and  that 
ventilation  is,  in  these  cases,  of  far  more  imijort- 
ance  than  the  degree  of  heat  maintained  in  the 
room. 

(174.)  The  experiments  of  Dr.  Dnlton  long 
since  demonstrated  that  evaporation  waa  inde- 
pendent of  the  air  ;  that  the  vapour  arising  from 
any  liquid  depends  upon  its  temperature,  and 
that  the  air  retards  the  velocity  of  the  dischat^ 
by  its  vis  inert'us*  If  the  air  were  wholly  re- 
moved from  the  surface  of   the  water,  the  vapoor 

•  Memoin  of  the  Matiehexter  I'hUoanphical  Swi*(J(,  ToL  Ti 
p.  S76  ;  and  PhiUaophical  Ma^ia-iiK'.  vol.  strL,  p.  846. 
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jiroper  to  the  particular  temperature  would  l)a 
"ischarged  instantaneously,  instead  of  rising  gra- 
lally,  as  when  the  water  is  exposed  to  the 
mosphere.  The  quantity  of  evaporation  is  not 
'ected  by  these  causes.  If  water  be  placed  under 
the  receiver  of  an  air-pump  and  the  air  exhausted, 
the  full  quantity  of  vapour  which  can  be  formed 
at  that  particular  temperature  will  rise  instan- 
taneously ;  but  if  the  air  be  allowed  to  till  the 
receiver,  the  same  quantity  of  vapour  will  rise,  and 
it  will  have  slowly  to  filter  its  way  and  disperse 
itself  through  the  air  which  fills  the  receiver.  In 
these  cases,  we  of  course  suppose  that  the  vapour 
not  removed  ;  but  that,  when  once  formed,  it  is 
owed  to  remain  in  the  receiver,  and  that  the 
iperature  is  kept  constantly  the  same.  But 
'hen  the  vapour  is  allowed  to  escape,  or  to  con- 
dense, the  rate  of  its  formation  is  very  different  in 
txt  and  in  vacuo  ;  for  Mr.  Daniell's  experiments 
proved  that,  in  the  same  time,  the  quantity  of 
vapour  raised  from  a  constant  surface  of  water  in 
vacuo  and  in  air  of  atmospheric  density  was  as 
90  to  1  ;  and  that  at  all  intermediate  pressures  the 

Saantity  of  vapour  was  inversely  proportional  to 
ae  elasticity  of  the  incumbent  air.* 
When,  however,  the  air  possesses  motion,  its 
eflect  on  the  quantity  of  vapour  emitted  from  the 
surface  of  water  over  which  it  passes  will  be  very 
diflferent.  The  effect  is,  then,  to  drive  off  the 
vapour  from  the  surface  of  the  evaporating  body 
as  faKt  as  it  is  formed  ;  and  this  Dr.  Dalton  foimd 
to  be  proportional  to  the  velocity  of  the  air.f 
This  latter  case  is  precisely  that  with  which  we 
tre   concerned,    while   considering   the   effect   of 

"  Quarterlij  Journal  of  Sci»nce,  vol.  xvil.,  p.  S2. 
f  iianoin  of  tkt  Manekttter  rkitoiopkical  SoHety.  vol.  V., 
~),  G70 ;  uid  WfttHon's  Chtmical  Eiiayt,  vol.  ii„  p.  67. 
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ventilation,  and  more  particularly  in  the  ventilation 
of  drying-rooms. 

(175.)  It  is  quite  a  mistaken  notion  (o  Buppose 
that  a  better  effect  will  be  produced  bj-  prevent- 
ing too  rapid  a  motion  of  the  air  through  drying- 
rooms,  for  the  purpose  of  alloiving  the  air  to 
inibibe  more  of  the  moisture  by  this  means.  The 
infiltration  of  moisture  into  the  air,  or  the  absorp- 
tion  of  moisture,  as  it  is  generally  called,  is  ex- 
tremely slow,  as  the  experiments  of  Daniell  and 
of  Leslie  have  proved  ;  and  therefore  it  is,  by  the 
brisk  motion  of  the  air  driving  off  the  vapour  na 
fast  as  it  is  formed,  that  the  principal  effect  is 
produced  in  the  ventilation  of  drying-rooms.* 
The  quantity  of  air  ivhich  really  becomes  humid 
by  such  means  is  extremely  smnll  ;  and  Leslie 
has  estimated  that,  in  a  case  of  ordinary  evnpora* 
tion,  where  the  air  possessed  but  small  velocity, 
only  the  184tli  part  of  the  air  that  passed  over 
the  wet  surface  became  eatiirated-f 

(176.)  It  is  extremely  difficult  to  estimate  the 
quantity  of  heating  surface  that  is  required  for  a 
drying-room  :  for  not  only  will  the  temperature 
vary  greatly  with  the  nature  of  the  substances  to 
be  dried,  but  also  with  the  degi-ee  of  dampness 
they  possess,  and  Ukeunse  with  the  amount  of 
ventilation.  The  same  quantity  of  heating  surfiuie 
that  would  raise  the  temperature  of  a  drying- 
room  to  SO"  or  90"  ivith  an  imperfect  ventilation, 
might  possibly  not  heat  it  above  60°  or  70"  if  the 
ventilation  were  perfect  ;  and  yet  in  the  latter 
case,  prob;ibly,  the  drying  effect  would  be  greater 

*  The  drier  tlie  air  tlie  more  rapidly  will  it  absorb  tb* 
moisture  eslialed  into  it :  but,  under  every  condition  of  dry- 
ness, tbe  ivbsor|)lioii  of  moistrire  will  be  miiub  less  r&pid  by 
Iba  air  tban  its  dieohnrge  from  the  vaporizing  body  would  ba 
were  tbe  pressure  of  the  air  entirely  reinoTed. 

r  Leslie  i>n  Heat  and  iloUture,  p.  80. 
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tluui  in  the  former.    This,  however,  is  not  with- 
out certain  limilations  in  its  o|»ratious.     When- 
■  the  ventilation  is  sufficient  to  carrj-  off  the 
oar  a*  trnt  iis  it  is  Ibnned,  anything  beyond 
i  must  be  injurious,  as  it  will  lower  the  tern- 
Uure    of    the    room    without    promutin;;    the 
Bpersion    of  the  vapour;    and  we  have  already 
ED  that  the  quantity  of  vapour  raised  depends, 
Lthe  first  instance,  upon  the  temperature  of  the 
poriziug  body.     When,  however,  an  atmosphere 
■  vapour   exists  immediately   around   the   body 
litting  the  vapour,  the  emission  is  enormously 
nuccd.  and  sometimes  even  wholly  stopped;  and 
B  will  occur,  however  high  the  temperature  of 
I  vaporizing  body  and  of  the  air  may  be.     Tu 
B  case,  therefore,  even  a  vcrj'  much  lower  tcm- 
r&ture,  accompanied  by  a  brisk  motion  of  the 
,  would  be  far  more  eft'ectual  than  a  high  tem- 
rature  with  defective  ventilation, 
F<177.)  For  common  drying-rooms,  where  arti- 
"cles  of  various  tliicknesses  are  dried  at  the  same 
time,  and  where  the  quantity  of  moisture  to  be 
evaporated  is  considerable,  it  has  been  found  that 
"^     )  to  200  square  feet  of  heating  surface  to  each 
Boo  cubic  feet  of  space  produces  a  temperature 
[about  120"  when  the  room  is  empty  and  the 
ntilating    apertures    are    closed.     The   tempera- 
i  fiills  about  15"  or  20"  on  opening  the  venti- 
fing  apertures  ;    and   when   the    room  is    filled 
wet  clothes  the  temperature  falls  to  about 
or    90",    and    sometimes   considerably    lower, 
frying  with  the  nature  of  the  articles  which  are 
placed  in  the  room.     Mr.   Buchanan  states*  that 
about  63  square  feet  of  steam-pipe  to  1,000  cubic 
leet  of  space  |>roduced  a  temperature  of  lOO"  in  a 
^    '      -room;  and  in  another  instance,  44  square 
heating  surface  to  1,000  cubic  feet  of  space 
iBucliauaa'a  TrratUt  .>i.   Kcmmmy  •■/  Fuel.  <tc.,  211— 21S. 
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produced  a  temperature  of  86°  in  a  drying-room, 
both  being  partially  filled  with  damp  goods.  The 
temperature  of  the  eteam  is  not  stated  in  these 
instances;  but  the  pipes  would  naturally  be  hotter 
than  hot-water  pipes,  and  therefore  less  surface 
of  them  would  be  required;  but  the  quantity  of 
pipe  thus  given  is  considerably  less  than  was  re- 
quired in  any  instance  which  has  come  imder  the 
author's  own  knowledge.  In  general,  it  would 
not  be  safe  to  use  much  less  than  150  square  feet 
of  heating  surface  of  hot- water  pipes  to  1,000  cubic 
feet  of  space  in  any  drying-room  used  for  drying 
linen,  where  quick  drying  is  essential.  For  manu- 
facturing purposes  it  will  often  happen  that  much 
smaller  quantities  of  heating  surface  will  suffice; 
for  the  goods  often  contain  far  less  moisture,  and 
are  not  required  to  be  dried  so  quick  as  in  a 
common  closet  for  drying  linen. 

Tredgold  has  given  rules  for  calculating  the 
required  heating  surface  for  drying-rooms  for  dif- 
ferent purposes,  but  they  are  much  too  refined 
for  ordinary  use.*  A  large  amount  of  heating 
surface,  is,  however,  absolutely  indispensable 
where  quick  drying  is  required;  but  attention 
to  the  perfect  ventilation  of  the  room  is  of 
more  importance  than  its  actual  temperature. 
It  is  also  advisable  to  have  some  ready  means 
of  altering  the  quantities  of  air  admitted  into 
a  drying-room  ;  for  not  only  is  it  desirable,  if 
possible,  to  alter  the  quantities  of  air  admitted  at 
the  different  stages  of  the  drying  process,  but  in 
different  states  of  the  weather  the  quantJtica  of 
air  admitted  ought  to  be  likewise  altered.  When 
the  air  is  very  humid,  much  less  air  ought  to 
be  admitted  than  in  dry  bright  weather.  In 
damp  weather  the  drying  process  will  go  on  much 
faster,  in  projiortion    as  a  less  quanti^  of  air  is 

•  Tredgold  On  Heating  Uuildiiig  h/  Sltam,  p.  241,  i*  irq. 
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admitted,  and  a  higher  working  temperature  main- 
tained in  the  drying-room.  In  dry  weather  the 
opposite  of  this  will  often  be  desirable,  and  a 
much  larger  quantity  of  air  may  advantageously 
be  admitted  under  these  circumstances. 

(178.)  The  physiological  effects  resulting  from 
particular  modes  of  warming  and  ventilating  in- 
habited rooms  form  a  most  interesting  subject  of 
inquiry,  and  are  not  only  interesting  as  matters  of 
scientific  research,  but  they  closely  concern  every 
individual   member  of   the  community.     It   is  a 
question  which    effects    not    merely  the  personal 
comfort  of  individuals,  but,  according  to  the  opinion 
of  the  ablest  pathologists,  it  influences  the  health, 
and  affects  the  duration  of  life.     In  a  subsequent 
chapter  we  shall  endeavour  to  trace  some  of  the 
physiological  effects  of  various  methods  of  artificial 
heat,  and  the  most  im]:)ortant  consequences  will  be 
found  to  result  from  the  use  of    some    of  these 
different  inventions. 


CHAPTER  IX. 

ON     Al'PARATCS     FOR    aUITLYING     BATHS,    ASD     UOT 
WATER   FOB   DOMESTIC   ASD    OTHER   PU&P0SE8, 

InconveciieiiDe  from  DepoBits  in  the  Boiler — Deposit  inCUterns 
— Giroulation  oecosnary  throughout  tbe  nholo  range  of  Pipes 
— Proper  position  of  the  Hot  Wnter  Cistern — Two  different 
modea  of  drawing  off  the  Hot  Water — Heating  Tanks  bj 
Coils  or  by  direct  circulation  frt>m  the  Boiler — Mode  6t 
eatimating  power  of  a  Coil — Estimate  of  Boiler  Surftioe — 
PltmgiQg  Baths. 

(179.*)  When  large  quantities  of  hot  water  are 
required  for  baths,  laundries,  or  other  purpoees, 
considerable  modifications  of  the  apparatus  become 
necessary  from  that  which  is  generally  used  for 
warming  buildings.  From  what  has  already  been 
etated  Art.  166,  it  will  be  seen  that  in  any  apparatus 
where  the  object  is  to  supply  large  quantities  of 
hot  water  by  continually  drawing  off  the  heated 
water,  and  supplying  its  place  by  freeh  cold  water, 
a  large  deposit  of  mineral  substances  constantly 
occurs.  Where  rain  water  alone  is  used  this 
deposit  does  not  occur.  But  in  every  other  case 
it  ia  absolutely  necessary'  to  provide  some  form  of 
boiler  which  can  readily  have  the  mineral  deposit 
removed.  These  deposite  sometimes  become  of 
enormous  thickness  unless  fi'G<iuentIy  removed  ; 
the  destruction  of  tlie  boiler  is  inevitable  under 
these  circumstances.  Some  form  of  Imiler  different 
to  the  usual  forms  used  for  warming  buildings  is 
therefore  indispensable. 

There  are  many  forms  of  boilers  quite  suitable 
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tUus  porpoee,  and  eo  long  as  they  admit  of  an 
f  zcfDOv^  of  the  depodt,  the  particular  form  is 
veiy  material.  Any  of  the  forms  used  for 
m  purposes  answer  very  well,  and  the  remarks 
tbem  need  not  be  here  repeated. 
'  (180.*)  It  is  ueually  the  practice  to  heat  the 

water  by  means  oi  lar^  cisterns  connected  with 
the  boiler  by  a  flow-pipe  and  return-pipe-  A 
deposit  very  freqneutly  occurs  in  these  cisterns  as 
w^  05  in  the  boilers,  and  hence  it  is  necessary  to 

' have  ready  acce^  to  the  interior  of  the  dsiems. 

^B^lie  deposit  in  the  cistern  is  Dot  so  serious  as  the 

^^B^poett  in  the  boiler.     The  principal  inconvenience 

^^^eing  the  diminished  capacity  of  the  cistern,  and 

the  liability  to  stop  up  the  various  pipes  connected 

with  it.    In  public  baths,  wash-houses,  hospitals,  &c., 

constant  inspection  is  necessary  in  order  to  watch. 

and  if    necessary  remove   these  accumulations  ol' 

sediment.     In  private  houses,  the  apparatus  may 

be  used  for  long  periods  without   inconvenience. 

Sometimes  an  apparatus  may  become  choked  and 

frtirtially,  or  even  wholly  useless  in  a    very  ivw 

aaonihs  or  even  weeks  ;  and  in  other  cases  where 

^^be  work  is  less  severe,  the  deposit  may  be  trifling 

^^Ken  after  vears  ol'  ojieration. 

^^B  (181.*)  In    erecting  an    apparatus  intended  to 

ll     nipply  hot  water  in  many  difterent  parts  of  ihe 

same   building,   very  great  difticulties    frequently 

_occur.     It  is  not  sufficient  to  heat  a  large  tank  and 

\  draw  ott"  the  heated  water  by  various  long  't 

t  lengths  of  pipe  leading  to  the  respective  baths. 

,  washing  tuba,  &c.     The  water  in  such  case^ 

icrally  becomes  perfectly  cold    in  the  various 

ws,  and  it  frequently  happens  that  many  gallonc 

I  cold  water  must  be  drawn  out  of  the  pipes  before 

any  hot  water  can  be  obtained  from  the  hot  water 

dstem.     The  only  effectual  way  to  prevent  this  is 

10  to  arrange  the  system  of  pipes,  that  each  Ottf 

o  2 
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shall  have  a  continuous  circulation  through  it  from 
the  cistern  to  the  boiiei-,  or  vice  vers/i  from  the 
boiler  to  the  cistern.  This  of  course  much  increase* 
the  expense  of  such  an  apparatus,  but  it  is  absolutely 
necessaiy  in  order  to  obtain  success. 

(182.*)  The  usual  way  of  fixing  tliis  kind  of 
apparatus  is  to  place  the  hot  water  cistern  on  the 
highest  level  at  which  hot  water  is  recpiired ;  and 
then  to  draw  off  the  hot  water  througli  a  pipe  or 
pipes  passing  through  the  various  floors  where  hot 
water  taps  are  fixed  and  finally  descending  to  the 
boiler,  thus  to  complete  the  circulation.  But  a  fiir 
better  plan  is  to  place  the  hot  water  cistern  near  to 
the  boiler  and  below  the  draw-off  taps,  and  thus 
draw  the  hot  water  upteards ;  the  upward  action 
being  produced  by  the  pressure  from  the  large  cold 
vater  cistern  placed  higher  than  any  of  the  draw* 
F[Q  44j  off    taps,    as    in    the 

figure  annexed.  The 
advantages  of  this 
plan  are  somctimen 
very  important.  For 
as  it  is  generally 
necessary  to  draw  off 
the  hot  water  from 
the  bottom  of  the 
cistern,  when  the  cia- 
tern  is  fixed  at  an 
elevation  above  the 
draw-off  taps,  it  is 
raost  diflicult  to  avoid  drawing  off  the  cold  water 
instead  of  hot  when  thus  fixed,  the  cold  water 
naturally  lying  towards  the  bottom  of  the  cistern. 
No  such  inconvenience  arises  when  tbe  hot  wat«r 
cistern  is  fixed  as  in  fig.  44a,  where  B  is  the  hot 
water  cistern,  and  c  the  cold  water  supply. 

(183.*)  In    many  caaea    it    is  desirable  to  ose 
steam    us    a    means    of   heating    wnter    in    l&rgs 
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|unntUies  for  the  purposes  here  described.     This 

lay  be  done  either  by  blowing  steam  <iircct  into 

I  hot  water  cistern,  or  it  may  be  made  to  pass 

xtu^  a  coil  fixetl  inside*  the  cistern.     In  this 

;  the  actiou  is  produced  by  the  colder  water  in 

e  cistern  condensing  the  steam  as  it  passes  through 

a  coil,  and  the  condensed  steam  then  runs  out  at 

e  other  end  of  the  coil.    When  the  steam  is  blown 

beet  into  the  hot  water  cistern  there  is  some  saving 

I  expense,  both  in  the  cost  of  the  apparatus  and 

I  in  fuel,  but  this  plan  is  attended  with  some 

rious  inconvenience-     Considerable  noise  is  pro- 

by  steam  suddenly  blown  into  colder  water 

this  way.     This  noise  can  be  prevented  to  a 

«at  extent  by  closing  the  end  of  the  pipe,  and 

1  allowing  the  steam  to  escape  through  a  great 

timber  of  very  small  holes  drilled  in  the  pipe  ;  or 

it  may  be  likewise  prevented  by  making  the  steam 

pijte  end  in  a  small  iron  box  tilled  with  iron  grape 

hot,  about  the  size  of  a  small  marble,  and  then 

lercing  the  surlace  of  the  box  with  a  great  number 

moderate  sized  holes.     This  latter  ])lan  was  the 

ibject  of  a  patent  many  years  ago.     Both  these 

'ns  are  attended  with  some  inconvenience.    When 

a  steam  pressure  in  the  pipe  ceases,  a  vacuum  is 

nned   in  tlie  pipe,  and  the  ^vater  in  the  cistern 

ieeB  backwards  into  the  boiler  and  may  cause  it 

overflow.     This  result    can  be    prevented  by 

of   back-pressure  valves,   but  an  awkward 

complication  is  the  i-esult. 

(184,*)  To  estimate  accurately  the  proper 
bngth  of  a  coil  to  heat  a  given  quantity  of  water 
T  means  of  steam  is  not  \-ery  easy,  as  the  effect 
rieB  every  moment  of  time  acconliiig  to  the  tem- 
ratnre  of  the  water  in  the  cistern,  and  the  pressure 
r  the  steam  in  the  boiler.  As  a  rough  (■■<timatc  I 
r  ordinary  purposes,  it  may  be  stated  tliat  a  coil  I 
de  of  iron  pipe  50  feet  long  and  1  inch  Internal 
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diameter  (which  is  equal  to  about  12  square 
of  surface  for  the  inside  diameter),  and  conveyini 
steam  of  30  lbs.  pressure  per  square  inch,  will  boi 
about  300  gi;allons  of  water  per  hour.  If  the  steam 
be  only  15  lbs  pressure,  it  will  take  a  coil  of  about 
80  feet  in  lengtli  to  boil  the  same  quantity  of  water 

If  it  be  intended  to  heat  the  cistern  by  means  o! 
a  coil  of  pipe  with  hot  water  instead  of  steam 
the  coil  will  require  to  be  about  one-half  longei 
than  a  steam  coil  working  at  15  lbs.  pressure,  i 
very  long  coil  has  many  objections,  and  therefoH 
when  a  coil  of  considerable  length  becomes  necee 
eary  in  order  to  give  sufficient  surface,  it  is  bettei 
to  increase  the  diameter  of  the  pipe  than  to  estenc 
its  length. 

(185.*)  To  estimate  the  size  of  a  boiler  to  heal 
any  given  (juantity  of  water,  the  rules  already  givei 
in  Chapter  IV.,  Art.  71  may  be  sufficient.  But  il 
may  be  here  stated,  that  as  a  general  result  1  Bqnan 

!foot  of  boiler  surface  exposed  to  the  direct  action  fl| 
the  fire  will  boil  about  11  gallons  of  water  from  52 
to  212°  Fahrenheit  per  hour. 

From  these  data  it  will  not  be  difficult  to  calcU' 
late  approximately  the  effect  of  almost  any  apparatui 
that  may  be  desired.  Suppose  a  tank  containing 
1,000  gallons  of  water  has  to  be  boiled  in  (say 
three  hours.  The  boiler,  whether  used  for  st^tan 
or  the  circulation  of  hot  water,  must  be  of  Bom( 
shape  that  can  be  easily  cleaned  out  from  th< 
deposit.  In  either  case  the  boiler  must  be  of  sue! 
size,  that  it  shall  expose  a  surface  of  30  square  feel 
to  the  direct  action  of  the  fire.  Such  a  boiler,  sup' 
posing  it  were  the  waggon  aliape  shown  figure  Ifi 
would  be  5^  feet  long,  by  3  feet  wide,  and  2^  feci 
deep.  But  if  the  water  were  only  required  to  b< 
heated  to  about  140"  instead  of  200"  or  212%  tbei 
a  similar  boiler  4  feet  long,  by  2]^  feet  wide,  ant 
2^  feet  high  would  be  sufficient. 
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(186.*)  There  is  usually  a  conaidcrable  deposit 

fonned  in  the  cistern  by  all  these  several  modes  of 

beating  water.     Ir  Bomeiimes  forms  in  great  lliick- 

ness  on  the  outside  surfaces  of  the  coils  used  iu 

this  manner,  whether  they  are  heated  hy  steam  or 

hy  the  circulation  of  hot  water.     It  is  therefore 

nece&sary  in  all  these  cases  that  the  cisterns  should 

occasionally  be  opened  and  cleaned  out  from  any 

deposit,  as    otherwise    the  heating   power  of  the 

apparatus  is  very  seriously  reduced.     The  deposit 

wliich  occurs  in  the  cisterns  is  not  so  destructive 

as  that  which  takes  place  in  the  boiier.     The  dejKJsit 

in  the  boilers  unless  frequently  removed,  is  absolute 

destruction  to  them;  in  the  cisterns  the  deposit  only 

causes  loss  of  power,  though  this  may  in  some  cases 

occur  to  a  very  serious  extent, 

1^^       (187.*)  It  may  perhaps  be  useful  to  state  the  mode 

^^ft  of  estimating  what  will  \ie  the  resulting  tem|}er[i- 

^H  ture  by  mixing  together  any  given  quantities  of 

^K  water    at    dift'erent    temperatures.     Whether    the 

'  quantities  be  large  or  small,  the  same  rule  will 

apply.     Suppose  we  mix  together  two  gallons  of 

water  at  2(>u°  Fahrenheit,  and  four  gallons  at  50°  ; 

I  the  resulting  temperature  will  he  found  by  multi- 
plying each  quantity  by  its  respective  temperature, 
adding  these  numbers  together,  and  then  dividing 
the  product  by  the  total  quantity  of  water,  thus — 


2  gallons  x  200°  =  400 
4  gallons  X    30°  =  200 

Divide  by  6  gallons)  600  =  100° 


giving  100"  Fahrenheit  as  the  average  temperature 
of  the  whole  six  gallons.  Or  suppose  a  plunge 
hath  of  40,000  gallons  at  60°  Fahrenheit  mixed 
with  2,000  gallons  of  hot  water  of  200°  Fahrenheit. 
.  Id  this  case  40,000  multiplied  by  60",  and  2,000 
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iuultii>lied  by  200",  added  together  gLves  2,800,000. 
This  number,  divided  by  42,000,  the  total  quantity 
of  water  will  give  66^"  as  the  resulting  temperature 
of  the  entire  quantity  of  water  thua  mixed  together. 
If  steam  and  water  are  mixed  together,  the  re* 
suiting  temperature  is  calculated  in  the  same  way, 
bearing  in  mind  that  the  licat  of  steam,  taking  its 
sensible  and  latent  heat  together  as  a  constant 
quantity  (see  Art.  257),  is  equal  to  1200°  Fahren- 
heit. Thus,  if  one  gallon  ol'  water,  converted  into 
steam,  be  mixed  with  ten  gallons  of  water  at  aO" 
Fahrenheit,  the  result  will  he — 

10  gallons  water  at  50"    =^     500 
1  gallon  of  water  in  the 
state  of  steam  at  1200°    =  1200 

1700 

Divided  by  11  the  whole  quantity  of  water,  will 
give  154^°  as  the  average  temperature.  There  are 
many  cases  which  occur  iu  jmictice,  where  such 
calculations  as  these  are  extremely  useful. 

(188*)  In  some  experiments  on  warming  the 
water  in  a  large  plunging  bath  containing  11,000 
gallons  of  water,  it  was  found  that  with  an  arched 
boiler  having  (equal  to)  30  square  feet  of  direct 
action  surface  exposed  to  the  tire,  it  took  12  hours 
to  raise  the  temperature  of  the  hath  from  52"  to  86", 
or  to  add  Si"  to  the  temperature  with  a  moderate  tire ; 
or  with  a  strong  tire  it  raised  the  temperatui-e  54°  in 
twelve  hours.  This  heat  was  communicated  to  the 
water  by  means  of  a  coil  of  75  feet  of  4iu.  jiipe,  laid 
at  the  bottom  of  the  bath,  which,  in  coueec(uence  of 
the  rapid  conducting  power  of  the  water  in  the 
bath,  abstracted  all  the  heat  as  fast  as  it  could  he 
generatwl  (see  note  to  Art.  251).  The  water  iu 
this  case  merely  circulatetl  through  the  coil  i>f  pii»pa. 
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and  the  same  water  returned  again  to  the  boiler. 
In  another  case  of  a  bath  containing  40,000  gallons 
of  water,  the  estimated  quantity  of  pipe  laid  as  a 
coil  in  the  bath  was  200  feet  of  4  in.  pipe  ;  the 
arched  boiler  was  10  feet  long  x  3^  feet  wide 
outside,  and  the  time  of  heating  was  40,000  gallons 
of  water  raised  20  degrees  in  seven  hours. 


CHAPTER  X. 


ON   HEATING  BY  STEAM. 


VariableneBs  of  Temperataro — Alterations  in  the  Level  of 
Pipes — Removal  of  condensed  Water — Proper  8team-pTea- 
sure  to  be  employed — Mode  of  Caloulating  the  Beating- 
surface  required — Size  of  Boilere— Quantity  of  Water 
condensed — Boiler  Surface  required — Forms  and  Power  of 
Boilers— Quantity  of  Coal— Size  of  Furnace-bars- Mode 
of  supplying  Water  to  the  Boiler — Safety  Valves,  Ganges, 
and  other  Appendages  required — Air-vents  and  Outlets  for 
the  condensed  Water. 

(179.)  Since  the  introduction  of  tbc  inventiott 
of  heating  buildings  by  hot  water,  the  use  of 
steam  for  this  purpose  has  been  comparatively 
neglected  ;  still  there  are  many  situations  where 
its  employment  may  be  advantf^eous,  particularly 
in  buildings  used  for  manufacturing  and  commer- 
cial purposes.  No  work  containing  rules  for  its 
application  has  been  published  for  many  years, 
The  only  books  on  the  subject  which  the  author 
has  met  with  are  Buchanan's  Treatise  on  Heating 
by  Steanty  last  published  in  1815,  and  Tredgold'a 
Principles  of  Warming  and  Ventilating  Public 
Buildings,  ^c.,  last  published  in  1836.  Both  these 
works  have  been  out  of  print  for  many  years,  and 
it  therefore  appears  desirable  in  the  present  worl 
to  give  such  rules  as  may  be  necessary  for  erecting 
steam-beating  apparatus  for  such  ordinary  purposes 
as  it  is  likely  now  to  lie  applied  to. 
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( 180.)  The  principal  difficulty  with  aii  apparatus 

r  heating  by  steam  is  the  constant  attendance  it 
requires,  not  only  to  ensure  its  safety,  bat  to 
secure  a  continuance  of  its  heating  power.  Unlike 
the  hot-water  ajiparatus,  which  retains  its  heating 
power  for  many  hours,  the  steam  apparatus 
ceases  to  afford  neat  as  soon  as  the  fire  fails  to 
possess  sufficient  force  to  raise  steam  in  the  boiler, 
The  risk  of  explosion  in  inexperienced  hands  is 
also  a  serious  objection  to  its  use.  But  when  the 
apparatus  is  of  sufficient  magnitude  to  warrant 
the  continued  superintendence  of  an  experienced 
person,  it  may  be  considered  perfectly  safe. 

(181.)  One  great  convenience  in  a  sieani  appa- 
ratus is  the  facility  with  which  the  pipes  can  be 
conveyed  in  almost  any  direction.  Provided  the 
condensed  water  be  carried  off,  and  the  pipes 
thereby  be  kept  clear,  it  matters  not  whether  the 
pil)e8  are  carried  above  or  below  the  boiler,  and 
that  to  almost  any  extent.  But  in  carrying  out 
this  principle,  it  must  be  borne  in  inind  that 
wherever  there  are  considerable  alterations  of 
level,  the  condensed  water  must  have  a  proper 
(RJtIet  from  the  lowest  part  ;  for  otherwise  the 
pipes  will  very  quickly  become  choked  with  water 
and  cease  to  act  ;  and  hence  any  sudden  and 
considerable  alterations  in  level  become  extremely 
difficult  to  deal  with  in  practice,  although  in 
jmncipU  there  is  nothing  whatever  to  hinder  the 
most  rapid,  nuiltifarious,  and  even  eccentric  al- 
tMntions  in  level  that  can  possibly  be  contrived. 
"  t  as  every  sudden  dip  or  alteration  of  level  in 

!  pipe  will  require  a  separate  outlet  for  the  con- 
itued  water,  it  Ixicomes  exceedingly  difficult,  and 
iry  undesirable  in  practice,  to  make  these  sudden 
alterations  in  level.  Like  the  hot-water  apparatus, 
it  is  therefore  found  most  advantageous  to  lay  the 
pipes  with  a  very  small  but  gradual  inclination,  so 
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as  to  allow  the  condensed  water  to  flow  out  at  one 
place,  or  at  least  from  as  few  |tlnces  as  [xjasiblc. 
The  condensed  water  must  not  only  be  carried  off 
in  order  to  keep  tUe  pipes  clear  for  the  passage  of 
the  steam,  but  likewise  to  prevent  the  pipes  from 
breaking.  For  If  the  condensed  water  remains  in 
the  pipes  after  they  become  cold,  the  next  time 
the  pipes  are  hetited  they  are  extremely  likely  to 
crack,  if  they  are  of  cast  iron,  in  consetjuence  of 
the  great  difi'erence  of  temperature  which  there 
would  then  be  between  the  njiper  and  the  lower 
sides  of  the  pipes. 

(182.)  In  arranging  a  steam  apparatus,  the  first 
thing  is  to  calculate  the  proper  quantity  of  heating 
surface.  In  order  to  do  this,  it  is  necessary  to 
determine  at  what  pressure  the  boiler  is  to  work. 
Formerly  it  was  considered  that  2^  lbs.  pressure 
per  square  inch  of  the  boiler  was  quite  as  much  aa 
could  safely  he  used  for  thia  purpose,  and  tbe  old 
writers  on  the  subject  recommend  this  pressure  to 
be  employed.  But  of  late  yeai-s  the  use  of  high- 
pressure  steam  has  ho  accustomed  engineers  to 
regard  boilers  as  perfectly  safe  with  pressui-es  of 
80  lbs.  or  100  lbs.  and  upwards  to  the  square  inch, 
that  no  one  would  now  object  to  employ  steam  of 
5  lbs.,  10  lbs.,  or  even  20  lbs.  pressure  per  stjuara 
inch,  for  heating  buildings  of  any  descriprion, 
whenever  such  pressures  are  deemed  desirable. 
The  higher  the  pressure  in  tbe  boiler,  the  higher 
Will  be  the  temperature  of  the  pipes  or  other 
radiating  surfaces;  and  therefore  the  higher  the 
pressure  tbe  smaller  the  size  or  leas  the  quantity 
of  the  radiating  surfaces  which  will  be  required. 

(1H3,)  In  heating  manufactories  and  other  com* 
mercial  buildings,  it  is  often  desirable  to  use  the 
surplus  steam  from  a  steam-engine  l>oiler,  or  the 
waste  steam  after  it  had  passed  through  the 
cylinder   of    a   high-pressure    engine.      In    other 
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cases,  where  a  se|jarBte  Bteam-boUer  is  used  for 
heating  the  apparatus,  it  is  seldom  desirable  to 
nse  steam  of  much  more  than  about  5  lbs.  to 
10  lbs.  per  square  inch.  Whatever  pressure,  how- 
ever, is  fixed  upon,  the  quantity  of  radiating 
surface  necessary  muy  be  found  in  the  following 
manner : — 

In  Chapter  VI.  (ante)  ndes  are  given  for  calcu- 
lating the  radiatlnw  surfaces  necessary  to  heat 
most  kinds  of  buildings  with  hot-water  pipes.  If. 
then,  by  these  rules  the  required  amount  of 
radiating  surfaces  he  calculated,  the  redjiced  quantity 
that  is  required  when  steam-heat  is  to  l>e  applied 
may  be  ascertained  as  follows:  In  Table  I.,  Ap- 
pendix, the  temperature  of  steam  at  all  pressures 
is^ven.  Suppose  now  that  to  heat  a  building  to 
60^  with  hot  M'ater,  it  has  been  found  (by  rules 
given  in  chapter  VI.)  that  300  feet  of  four-inch 
pipe  is  required.  If  it  is  projiosed  to  use  steam 
of  5  lbs.  pressure, — that  is,  5  lbs.  in  addition  to 
the  15  lbs.  whicli  is  necessary  to  prevent  a  vacuum 
in  the  boiler, — if  we  look  in  Table  I.,  Appendix, 
for  the  nearest  pressure  to  20  lbs..  We  shall  find 
the  temperature  of  the  steam  is  226".  Now  the 
temperature  of  hot-water  pipes  being  reckoned  at 
only  180",  or  120"  above  the  proposed  temperature 
of  the  room,  and  the  temperature  of  the  steam- 
pipes  (at  this  pressure  of  20  lbs.)  Ijeing  225", 
or  165"  above  the  proposed  temperature  of  the 
room,  the  quantity  of  steam-pipe  will  lie  found 
"by  a  common  rule-of- three  sum;  namely,  as  165' 
is  to  120"  so  is  300  feet  of  hot-water  pipe  to 
the  (juantity  of  steam-pipe  required  to  produce 
the  eame  effect,  which  in  this  case  will  be  218  feet. 
Again:  suppose  the  pressure  of  the  steam  is 
30  lbs., — that  is,  3"  lbs,  above  the  15  lbs.  neces- 
B»rv  to  prevent  a  vacuum.  If  we  look  in  the  Table 
for  the   temj>er.iturc  of  steam  at  45  lbs.  pressure, 
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we  shall  find  it  is  275°,  or  215°  above  the  propoaed 
temperature  of  the  building.  In  this  case  the 
calculation  will  be,  as  215"  is  to  120"  ao  is  300  feet 
the  quantity  of  hot-water  pipe  required  to  the 
quantity  of  steam-pipe  necessary  to  give  the  same 
heat,  wliich  in  this  case  is  167  feet. 

(184).  These  calculations  are  not  absolutely 
correct ;  but  they  are  sufficiently  accurate  for 
every  puqjose  of  practical  utility.  For  it  will  be 
shown  in  another  chapter  (Chapter  Xll.)  that  the 
radiation  of  heat  is  pr-^portionaiely  greater  at  high 
temperatures;  and  therefore  while  the  above  mode 
of  calculation  is  quite  sufficient  for  all  practical 
purposes,  such  as  those  here  contemplated,  the 
rule  must  not  be  construed  to  include  scientific 
exactness. 

It  may  here  be  observed  that  the  rule  already 
given  (Art  41),  for  the  elongation  and  expansion  of 
hot-water  pipes,  must  l>e  observed  wherever  steam- 
pijjes  are  applied  to  any  heating  jiurposea. 

(185.)  In  apportioning  the  boiler  for  heating 
any  given  quantity  of  pii>e,  both  Tredgold  and 
Buchanan  assume  that  the  steam-space  in  the  boiler 
ought  to  be  equal  to  the  whole  contents  of  the  pipes, 
so  as  to  fill  the  pipes  easily  with  steam  when  the 
valves  are  opened  ;  and,  further,  that  the  steam- 
space  ought  to  be  about  half  the  entire  capacity  of 
tne  boiler.  These  proportions,  however,  do  not 
appear  suited  to  modern  practice,  now  that  steam 
of  much  higher  pressure  is  used.  And  although 
exposing  a  large  surface  of  the  boiler  to  the  fire 
is  always  economical,  a  boiler  of  large  capacity  is 
not  always  convenient,  nor,  indeed,  is  it  necessary 
for  successfully  applying  steam  to  the  heating  m 
buildings. 

(186.)  Tredgold  deduces  from  his  experiments 
that  with  steam  of  2^  lbs.  pressure  above  the 
atmospliere    (or    174   ^^*'   "ctual    prcsBure),    182 
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superficial  feet  of  iron  pipe  will  condense  aa  much 
steam  as  will  produce  one  cubic  foot  of  water  per 
tour,  when  the  temperature  of  the  room  is  60" 
Fahrenheit.  In  this  case  he  assumes  the  average 
temperature  of  the  entire  surface  of  the  pijie  to  be 
200°  Fahrenheit.  From  tliis  datum  the  proper  size 
of  the  boiler  can  be  calculated. 

It  appears  (by  Art.  71)  that  four  square  feet  of 
boiler  surface  exposed  to  the  direct  action  of  the 
fire  will  evaporate  one  cubic  foot  of  water  per 
hour.  The  boiler  for  a  steam  apparatus  ought 
therefore  to  evaporate  as  much  water  per  hour 
as  tie  pipes  will  condense  in  the  same  time  ; 
hence  a  boiler  possessing  four  square  feet  of 
surface  exposed  to  the  direct  action  of  the  fire 
will  just  supply  sufficient  steam  to  heat 
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and  supposing  that  in  each  case  the  temperature 
of  the  room  is  60°  Fahrenheit.  It  follows  also 
that  each  of  these  several  quantities  of  pipe  will 
^ve  off  the  same  amount  of  heat  in  equal  times. 

(187.)  It  by  no  means  follows  that  these  pro- 
portions of  boiler  surface  are  desirable  to  be 
adopted.  Although  they  certainly  will  heat  the 
pipe  when  skilfully  applied  and  carefully  attended, 
it  18  desirable  to  allow  about  one-half  more  boiler 
surface  to  meet  the  common  contingencies  of 
most  apparatus,  and  to  prevent  the  necessity  for 
heavy  firing.  Watt  allowed  eight  square  feet 
of  boiler  surface  to  evaporate  one  cubic  foot  of 
water  per  hour,  and  in  the  Cornish  engines  even 
surface  than  this  is  allowed.*  It  will 
be  desirable  to  assume  that  six  square 
"  Bee  note  to  Art.  71. 
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feet  of  boiler  surface  exposed  to  the  direct  action 
of  the  fire  will  i>e  neceseary  to  heat  tlie  several 
quantities  of  pipe  here  mentioned. 

(188.)  Having  ascertained  the  surface  of  thc 
boiler  to  be  exposed  to  the  fire,  it  becomes  neces- 
sary to  determine  its  fihape  and  capacity.  The 
fonns  of  steam-boilers  are  almost  as  numeroafi 
aa  those  which  have  been  jiroposed  for  the  hot- 
water  apparatus.  But  for  the  ordinary  purjioses  of 
heatinj;  buildings  by  steam,  it  is  absolutely  indis- 
pensalile  that  the  boilers  should  be  simple  in  form, 
tolerably  easy  to  clean  out,  of  rather  large  capacity 
in  proportion  to  their  fire  surface,  and  so  durable 
as  to  require  very  little  repair.  For  many  pur- 
poses, these  qualifications  arc  frequently  sacrificed, 
and  necessarily  so  in  order  to  ohtam  lightness, 
rapid  draught,  and  high  evaporating  power. 

(189.)  For  low-pressure  iioilers  where  the  steam 
does  not  reach  beyond  8  lbs.  or  10  lbs.  per  square 


inch,  there  is  no  better  form  than  the  old  wag- 
gon boiler,  fig.  39,  which  can  be  used  of  any  size. 
The  Cornish  boiler,  fig,  40,  is  only  suitable  for 
larger  apparatus,  and  is  scarcely  desirable  for 
boilers  of  less  siiie  than  about  ten  feet  long  and 
four  feet  diameter.  The  cylindrical  Ixjiler  with 
hemispherical  ends,  fig.  41.  is  very  suitable  for 
high  pressures,  aa  it  is  one  of  the  btrongest  forms 
for  a  boiler,  and  is  theitfore  always  regarded  as 
one  of  the  safest  lioilers  that  can  l>e  made. 
Any  of  these  boilers  have  sufiicient  capacity,  in 
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iportion  to  their  surfaces,  to  render  them  very 

for  the  purpose  of  applying  steara-heat 

to  buildings.     In  calculating  the  proper  size  for  a. 

boiler  to  produce  a  given   effect,  the   same   rule 

must    be   applied    that    has    already    been    given 

(Art.  71)  for  calculating  the  power  of  boilers  for 

the  hot-water  apparatus,  namely,  that   tlie    flue- 

surface  of  the  boiler  is  only  to  be  taken  at  one- 

^fliird  its  actual  measurement,  when  we  want  to 

timate  the  extent  of  swface  exposed  to  the  direct 

letion  of  the  fire.     Thus  in  fig.  39,   suppose  the 

iler  to  be  6  feet  long,   2^   feet  wide,  and  the 

bc-eurface  2  feet  deep  all  round  the  boiler;  in 

case  the   bottom    of    the   boiler    will    have 

i  feet  X  2^  feet  =  15  feet  of  surface.     The  flue- 

mrface   measured    entirely   round    the    boiler    by 

\  feet  deep,  will  be  equal  to  34  square  feet ;  and 

one-third  of  this  latter  measurement  will  be  equal 

to  11;^  feet,  which,  added  to  the  former  quantity 

of   15  feet,  will   make  the  boiler-surface  equal  to 

S64  S'piare  feet  exposed  to  the  direct  action  of  the 

l«.     This  boiler  (by  Art.  186  and  187)  would  be 

Hflicient  to  heat  798  square  feet  of  steam-pipe  at  a 

KHure  of  2^  lbs.  per  square  inch,  when  the  tem- 

iture  of  the  room  is  kept  at  60°  Fahrenheit. 
(190.)  The  quantity  of  coal  that  will  be  neces- 
sary to  produce  a  given  eftect  with  a  i^team 
apparatus  may  be  ascertained  as  follows  : — The 
quantity  of  water  condensed  by  the  [tipes  must 
first  be  ascertained  as  already  pointed  out.  Sup- 
pose in  the  case  already  stated,  that  182  square 
feet  of  pipe,  in  a  room  of  60°  temperature,  con- 
a  one  cubic  foot  of  water  per  hour,  when  the 
isure  is  2^  lbs.,  per  square  inch  :  then,  by  the 
,  already  given  (Art.  94  and  95)  it  will  be 
nd  that  about  9  lbs.  of  coal  is  required  to 
raporate  one  cubic  foot  of  water  ;  and  this  must 
;  the  quantity   required  to  replace  the  loss  of 
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heat  by  condensation  of  steam  in  the  pipes 
therefore  the  coal  burnt  would  be  9  lbs.  per  houf 
if  there  were  182  feet  of  steam-pipe  in  a  room  c 
60°.  and  the  steam  at  the  pressure  of  2^  lbs.  [lei 
square  inch.  Whatever  quantity  of  water  tb« 
pipes  will  condense  per  hour, — and  which  quantity 
can  be  estimated  by  the  preceding  rules, — the  con- 
sumption of  coal  will  be  9  lbs.  for  every  cubic  foot 
of  water  thus  condensed. 

It  has  been  already  explained  (Art.  71  and  95) 
that  a  very  great  difference  exists  in  the  heating 
effects  of  coal  burned  in  different  furnaces.  The 
quantity  above  stated  is  a  full  allowance,  and  mnch 
more  than  some  steam-boilers  will  requi^-e  when 
very  carefully  worked. 

(191.)  The  size  of  the  furnace-bars  should  be  one 
square  foot  to  bum  about  10  lbs.  to  11  lbs.  of  coal 
per  hour ;  and  the  surface  of  the  boiler  exposed 
to  the  direct  action  of  the  fire  will  generally  bft 
abont  five  times  the  area  of  the  furnace-bars.  The 
furnace  of  a  steam  apparatus  will  very  seldom 
allow  the  use  of  a  door  to-the  ash-pit,  as  it  re- 
quires a  stronger  draught  than  a  ho^-water  appa* 
ratua.  and  the  ash-pit  door  is  very  liable  to  reduce 
the  draught.  Unlike  the  hot -water  apparatus,  the 
heating  ett'ect  of  a  steam  apparatus  ceases  directly 
the  fire  fails  to  produce  its  full  effect  on  the  boiler  ; 
and  therefore  a  brisk  fire  and  constant  attention 
are  absolutely  necessary  for  a  steam  ajtparatus^ 
in  order  to  keep  up  the  proper  action  in  the 
pipes. 

(192.)  The  various  apparatus  nec&ssaiy 
secure  a  proper  supply  of  water  to  the  DoUer, 
and  likewise  to  prevent  danger  by  any  ondnc 
pressure  in  the  boiler,  as  well  as  the  contrivanon 
required  to  carry  off  the  air  from  the  apparatus, 
and  to  remove  the  condensed  water  from  th< 
pipes,  are  all  much  more  complicated  and  expej»- 
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s  than  anything  required  for  these  purposes  in  a 
t  water  apparatus. 
The  boiler  ia  generally  supplied  with  water  by 
sns  of  a  stone- ttoat  apparatus,  of  which  there  are 
reral  varieties  (Fij^s.  42  &  43).  A  stone  placed 
t  the  boiler,  by  a  wire  passing  through  a  stuffing- 
ox.  balanced  by  a  lever  with  an  attached  weight, 
f  TO  made  to  turn  a  cock  which  communicates  by  a 
pipe  from  the  boiler  ivith  an  elevated  cistern  of 
water.  When  the  stone  falls  in  the  boiler  by  the 
partial  evaporation  of  the  water,  the  cock  is  opened 
by  the  lever,  and  as  much  water  comes  into  the 
boiler  as  will  again  float  the  stone,  and  thus  shut 
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e  cock.  The  cistern  must  always  be  high  enough 
Bkaye  the  column  of  water  of  greater  weight  than 
"  i  pressure  of  the  steam ;  otherwise  on  opening 
a  cock  either  water  or  steam  would  escape  up  the 
le,  instead  of  the  water  coming  down  from  the 
*m.  The  pressure  from  the  water  in  the  cistern 
mid  be  not  less  than  from  one-fifth  to  one-fourth 
sater  than  the  pressure  of  the  steam  in  tlie  boiler  ; 
J  as  every  two  feet  rerticat  height  of  the  water  in 
>  cistern  aud  pipe  is  equal  to  1  lb.  pressure  of 
!  ftteam  in  the  boiler,  the  supply  cistern  ought  to 
p  2 
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be  not  less  than  the  following  height  above  th& 
boiler : — 

6  feet  high  to  supply  a  boUcr  working  2^  lbs.  steam. 


and   generally   a   little    more   than    this   may  I 
desirable  In  order  to  secure  certainty  of  action- 

These  elevations  are  very  diflicult  to  obtain  ft 
the  higher  pressures,  and  hence  one  of  the  dlifi* 
culties  in  working  very  high  pressures  except  i 
conjunction  with  a  steam-engine  ;  in  whicli  case 
force-pump  is  used  to  inject  the  water  into  thfl 
boiler  without  the  aid  of  the  elevated  cistern, 
modem  invention  of  a  self-acting  injector  has  be«l 
introduced,  bat  it  is  doubtful  how  far  a  compli- 
cated, though  ingenious,  apparatus  can  be  eaiell 
trusted,  unless  it  is  under  the  constant  ana 
daily  inspection  of  experienced  and  careful  super- 
intendenta. 

(1!)3.)  A  safety-valve  is  an  indispensable  ap- 
pendage to  a  steam-boiler.  Whatever  form 
safety-valve  be  used,  the  size  of  its  clear  opening 
ought  to  be  not  less  than  one  circular  inch  for 
every  six  square  feet  of  the  boiler  exposed  to  tlia 
direct  action  of  the  fire  ;  or,  in  other  words,  oni 
circular  inch  for  each  cubic  foot  of  water  per  hour; 
which  the  boiler  will  evaporate.  A  valve  of  thja 
size  is  sufficient,  whatever  the  pressure  of  ibs 
steam  may  be.  When  the  boilers  are  large,  twi 
or  more  valves  may  be  used,  so  as  to  give  in  the 
aggregate  this  amount  of  opening  for  the  escaj 
of  steam. 

(194.)  A  steam-gauge  is  a  very  desirable  adjuni 
to  a  steam-boiler.  For  low-pressure  boilers 
mercurial  steam-gauge  is  frequently  us«d.  But 
a  very  convenient  gauge  for  eitlier  high  or  low- 
pressures  is  the  ingenious  instrumcut  kuonru 
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"Bourdon's  Pressure  Gauge,"  which  shows  on  a 
small  clock-face  the  correct  pressure  of  tlie  steam. 
(195.)  A  water-gauge  is  also  another  very  useful 
addition  to  the  fittings  of  a  steam-boiler.  This 
L'luige  consists  of  a  glass  tube,  about  1  foot  long, 
I  xcd  between  two  cocks  communicating  directly 
vifh  the  boiler,  generally  in  the  front,  near  the 
I'lirnace-door,  and  so  placed  that  the  water-level 
m  the  boiler  can  ^ie  seen  in  the  glass  gauge, 
^vliich  is  so  fixed  that  the  water-level  is  nearly 
about  the  middle  of  the  glass  tube.  The  water 
"'ways  stands  at  the  same  height  in  the  tube  as 
tne  boiler.  Any  variation,  therefore,  in  the 
'ght  of  the  water  in  the  boiler  can  be  easily 
by  looking  at  the  height  in  the  glass  tube, 
use  of  the  two  cocks  of  the  glass  gauge  is 
rJDterely  to  shut  off  the  communication  with  the 
boiler,  in  case  the  glass  tube  should  Ijreak :  on  all 
other  occasions  the  cocks  are  to  be  left  open. 

(196.)  Every  steam-boiler  ought  also  to  be 
-itpplied  with  two  gauge-cocks,  placed  at  the  front 
<!'  the  boiler,  at  sucli  height  that  one  is  always 
Libovu  t!ie  water-level,  and  the  other  about  two  or 
three  inches  below  tlie  water-level.  By  these 
cocks  {as  well  as  by  the  instrument  last  described), 
the  proper  height  of  the  water  in  the  boiler  can 
"n  ascertained.  If  the  upper  cock,  when  opened, 
pves  off  water  instead  of  steam,  the  boiler  is  too 
1  of  water:  while  if  the  lower  cock,  when  it  is 
Koed,  should  give  off  steam  instead  of  water, 
the  Ijoiler  is  deficient  of  water,  and  danger 
jpy  be  apprehended. 

1(197.)  A  large  cock  is  also  required  to  be  fixed 
Tthe  boiler,  called  a  "blow-off  cock."  Tt  is  for 
1  purpose  of  emptying  the  boiler,  and  cleaning 
t  the  sediment,  and  requires  to  be  frequently 
ed.  The  boiler  should  be  emptied  once  every 
>  or  three  days,  less  or  more,  according  to  the 
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hardness  of  the  water,  and  the  amoont  of  wori: 
which  the  boiler  performs.  The  pipe  for  the 
"blow-off  cock"  may  be  either  fixed  at  the  lowest 
point  of  the  boiler,  and  be  used  simply  to  run  the 
water  off ;  or  the  pi[>e  may  enter  the  top  of  the 
boiler,  and  descend  wthin  a  couple  of  inches  of 
the  bottom  of  the  boiler;  in  which  latter  ca«e  the 
water  is  forced  out  through  the  pi])e  and  cock  by 
the  pressure  of  the  steam,  taking  care  that  im 
fire  is  9o  much  slackened  wlifu  thim  operatioQ  ig 
performed  that  the  boiler  bhail  not  be  injured  by 
the  heat  of  the  fire  while  the  lioiler  is  thus  being 
emptied. 

(198.)  All  these  various  fittings  for  steam^ 
boilers  can  so  easily  be  obtained  ready  made,  that 
it  is  not  considered  necessary  here  to  describe 
them  more  particularly,  as  it  is  only  in  their  qj- 
pUcation  and  general  use  that  they  require  cx« 
planaiioD.  There  are,  however,  still,  some  fiirthe 
appliances  necessary  for  working  a  steam-heating 
ap{taratus  which  must  not  be  ]iassed  over  intfau- 
description.  A  cock  h  ^ne-rally  placed  betveeu 
the  boiler,  and  the  pipes  which  beat  the  building. 
On  oi>ening  this  cock  the  steam  drives  before  it 
all  the  air  which  was  contained  in  the  pipes  ;  and 
unless  a  ready  outlet  for  this  air  is  provided,  a, 
portion  of  the  pipes  n-ill  remain  foU  of  air,  and 
continue  nearly  cold.  If  the  pipes  arc  laid 
horizontally,  there  is  but  little  difficulty  in  gettii^ 
rid  of  this  air.  through  a  "blow-piije"  at  ihie 
farther  extremity,  which  may  be  o[«ned 
the  pipes  are  about  to  Ijc  heated  ;  and  wb^i  the, 
,  are  qnite  hot  the  blow-pipe  may  be  i>early  doeec 
in  onler  to  prevent  the  ws^te  of  steam  whiel 
would  necessarily  occur  after  the  air  was  expelled. 
But  when  the  heating  sar&oea  occupy 
difierent  lerds,  and  partkxdaiiy  wiien  the> 
the  fonu   of   ooUa,    steam-plMca,   or  < 
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columns,  it  Is  not  always  very  easy  to  discharge 
the  air  without  a  good  deal  of  care  and  con- 
trivance. The  air  is  considerably  heavier  than 
steam,  and  therefore  it  naturally  falls  to  the  lower 
levels;  and  it  is  from  these  luwer  levels  th'e  exit 
for  the  air  must  therefore  be  provided.  These 
edaction  pipes  ought  never  to  be  wholly  closed, 
even  when  the  air  has  been  expelled ;  but  the 
management  of  these  air-pipes  is  often  a  serious 
difficulty.  In  very  extensive  apparatus  it  has 
occasionally  l)een  found  so  difficult  to  drive  out  the 
"r  firom  the  pipes  and  other  heating  vessels,  that 
me  employment  of  an  air-pump  to  exhaust  the  mr 
a  sometimes  Iteen  found  necessary  each  tiDie  that 
f  apparatus  is  warmed,  in  order  to  jirevent  the 
jat  delay  in  heating  the  apparatus  which  other- 
nse  would  occur. 

(199.)  It  is  also  necessary  to  provide  for  the 

escai>e  of  the  condensed  water.     When  steam  of 

very  low  pressure    is  used,  and    the  apparatus  is 

upon  a    snmll    scale,    an    inverted    siphon-pipe    is 

frequently  used  for  this  purpose.      This  inverted 

sipuon-pipe  must  be  of  sufficient  depth  to  resist 

^le  pressure  of  the  steam,  and  frequently  this  be- 

pmes  extremely  inconvenient.     Thus  if  the  steam 

I  2  lbs.  pressure,  the  siphon  will  require  to  be 

pout  5  feet  deep  ;  if  the  steam  be  5  lbs.  pressure, 

fce  siphon  will  reipiire  to  be  about  12  feet  deep. 

aiphon-pipes  for    the  con-  p,^    ,, 

used  water  are  only  suitable  for 

1  of  very  low  pressure.    When 

of    higher  pressure  is  em- 

loyed,  there  are  several   contriv- 

for  stopping  the  escape  of 

,  and  at  tlie  same  time  ailow- 

bg  the  waste  water  to  run  off.    One 

T  these  plans  is  shown  in  fig.  44. 

a    close   bos   or    vessel    about    10 
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I  If  the  condensed  water  from  tlie  apparatus  ie  to 
be  used  for  any  purpose,  either  as  distLUecl  water, 
or  to  BUpjily  the  boiler  again  with  fresh  water,  it 
can  be  collected  as  it  Hows  out  from  the  valve- 
box  ;  or  it  may  be  collected  from  the  siphon-pipe 
previoaaly  described. 

(200.)  The    advantages    of  a    steam  apparatus  / 
over   a    liot-water    apparatus    appear    to    consist  i 
principally  in  the   greater  ease  of  application  of  '| 
the  beating  surfaces,  where  great  inequalities  and 
frequent  alterations  in  the  levels  occm-,  and  par- 
ticularly where    the    boiler    is    necessarily  placed 
considerably  higher  than  the  places  which  are  to 
be  heated  ;  and  likewise  in  the  somewhat  smaller  , 
extent  of  heating  surface  which  is  retjnired.    The  { 
disadvantages    of    the    steain    apparatus    are    its  J 
greater  danger,  and  the  absolute  necessity  which 
exists  for  constant  attendance  and  watchfulness  ; 
its    want    of  permanence    of  temperature,  except  ( 
when  the  greatest  possible  care  is  bestowed  ;  and 
it«  somewhat  increased  cost  of  fuel  above  that  of  i 
a  hot-water  apparatus.     The  first  cost  incurred  for  \ 
the  erection  of  the  two    kinds  of  apparatus  will  ' 
differ    but    little  when    the  work    ia  done    in  an  j 
equally  substantial    manner  ;    but    the  wear    and 
tear,  and  repairs,  of  a  hot-water  apparatus  will 
be  less  than  that  of  a  steam  apparatus,  as  in  the 
fiMiner  there  is  absolutely  nothing  that  can  wear 
out  except  the  boiler  ;  while  in  a  steam  apjiaratus  ' 
there  are  various  things  which  constantly  require 
attention  and  repair,  in  addition  to  the  greater 
amount  of  wear  in  the  steam-boiler  itself,  caused 
by  the  large  quantities  of  sedinent  which  requires 
to  be  constantly  removed,  otherwise  the  boiler  f 
very  speedily  destroyed. 


CHAPTER  XI. 


OS    HEATING   BT  HOT  AIE 


Sylveater'e  Cockle-Stove — Improved  Cockle-Stove — Ei 
of  Heating-power — Hot-air  Stoves  with  Projecting  Plates, 
and  their  Heatiug-power — Bernhardt's,  Hazard's  and  other 
Hot-sir  Apparatus — Difficulty  of  Horizoatal  Flues — Malti- 
tubolar  Hot-air  Apparatus — Hot-blast  Apparatus. 

(201.)  The  application  of  fire-heat  to  metallic 
Burfacea  on  which  atmospheric  air  ia  made  to 
impinge  directly,  without  the  intervention  of 
either  water  or  steam,  is  usually  called  a  hot-ajr 
APPARATUS.  This  distinguishes  it  from  any  other 
apparatus  in  wliich  air,  although  fi-eq^iently  qinte 
as  highly  heated,  receives  its  heat  from  pipes 
or  vessels  heated  by  steam  or  hot  water.  This 
method  of  heating  atmospheric  air  possesses  con- 
Biderable  utility.  Previous  to  the  mtroduction  erf 
the  hot-water  apparatus,  this  method  of  heating 
was  much  more  used  tlian  it  is  ever  likely  again 
to  be.  The  hot-water  apparatus  is  so  much  more 
wholesome  than  the  hot-air  ajiparatus,  that  the 
latter  can  only  be  recommended  where  either 
partial  vitiation  of  the  air  is  of  no  great  moment, 
or  else  where  the  object  is  merely  to  produce 
a  drying  and  warming  effect  of  considerable 
intensity  for  certain  manufacturing  or  ccoaoniic 
purposes.  In  such  cases  as  these,  the  hot-air 
apparatus  frequently  presents  considerable  advan- 
tages, a»  a  drying  eftect  of  greater  intensity  «ia>| 
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be  thus  obtftined  than    by  any  of  the  apparatus 
which  have  been  already  described. 

(202.)  The  hot-air  apparatus  in  the  form  in 
which  it  18  now  best  known,  was  employed  at  the 
close  of  the  last  century  by  Mr.  Strtitt,  of  Belper, 
near  Derby,  for  warming  his  cotton-mills.  It  was 
Bubsequently  improved,  and  extensively  intro- 
duced into  general  use  by  Mr.  Sylvester,  who,  in 
1819,  published  his  description  of  the  apparatua, 
with  experiments  on  its  heating  powers.  The 
construction  recommended  by  Mr.  Sylvester,  how- 
ever, appears  to  lie  defective  in  one  j)articular  : 
for  in  his  apparatus  the  furnace  or  tire-grate  was 
placed  80  far  Iwlow  the  surface  of  the  cockle-case, 
that  its  eftect  was  considerably  diminished.  In 
his  apparatus  the  fire-grate  was  placed  about  two 
feet  below  the  bottom  of  the  cockle-case,  or  about 
from  7  feet  to  8  feet  below  the  surface  which  was 
to  be  heai.'d  by  the  tire.  In  some  recent  cases  in 
which  thii*  form  of  ap[>aratus  has  Ijeen  used  by 
the  author,  the  furnace  and  fire-bars  arc  placed 
entirely  within  the  cockle-case,  so  as  to  make 
the  fire-bars  lie  about  one  toot  above  the  bottom 
of  the  cockle  case,  and  about  five  feet  higher  than 
those  used  by  Mr.  Sylvester.  The  figs.  45  and 
46  show  the  apparatus  in  the  last-mentioned  form, 
hut  in  nil  other  respects  it  is  the  same  as  that 
proposed  by  Mr.  Sylvester. 

Fig.  45  is  a  section  of  the  furnace,  constructed 
of  fire  brick  inside  the  cockle-case.     The  cockle- 
case  is    of  wrought   iron    one-fourth  of  an   inch 
thick,  and  made  arch-shape  and  closed  both  back 
and  front,  except  at  the  furnace-door,  which  is 
fixed    to   the   front.     Between    the  aides    of    the 
(oraoce   and   the   inside   of  the   cockle-case    is   a 
space  about  4  in.  to  5  in.  widf,  and  the 
_  smoke,  and  heated  gases  all  pass  downwards 
ttween  these  spaces  and  enter  the  longitudinal 
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flues,  which  extend  along  the  Ijottom  at  both  sides 
of  the  cockle-case.  These  smoke-flues  should 
Ire  about  9  in.  by  6  In.,  and  their  upper  sides 
are  partially  covered  by  two  plates  of  iron,  which 
so  cover  them  as  to  leave  a  narrow  open  slit  from 
three-fourths  of  an  inch  to  one  inch  wide  all  the 
length  of  the  cockle-case  on  both  sides.  These 
slits  are  the  only  places  where  the  smoke  can 
escape  into  the  flues.  These  side  flues  communi- 
cate with  another  flue  at  the  back,  similar  in  size, 
but  entirely  covered  on  the  top.      This  last  ftng 


Fig.  45. 


Fw.  46. 


leads  into  the  chimney.  There  must  be 
door  at  one  or  both  ends  of  this  black  flue,  W*' 
enable  it  to  be  cleaned  out.  To  clean  out  the 
longitudinal  or  side  flues,  there  is  a  soot-door  in 
the  front,  at  each  side  of  the  furnace-door  :  and 
a  rod  with  a  handle  at  one  end,  and  a  small  rake 
at  the  other  end.  is  made  to  slide  along  the 
narrow  slit  already  described,  which  kee])s  it 
constantly  clear  of  soot,  by  merely  drawing  out  the 
handle  occasionally  when  the  fire  is  replenil' 
with  fuel. 

(20.3.)  The  fire  is  entirely  contained  witi 
cockle,  without  any  other  outlet  whatever 
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heated  gases,  flame,  and  smoke,  except  the  two 
narrow  slits  left  in  the  horizontal  flues,  already 
(leecribed.  The  cockle-case  thus  becomes  heated. 
Between  the  outside  of  the  cockle-case  and  the 
brickwork  which  surroiinda  it,  a  vacant  space  is 
left  of  from  4  in.  to  6  in.,  extending  entirely  round 
the  iron  case  ;  and  at  the  lower  part  of  this  vacant 
Bpace  or  air-chamber,  a  triple  row  of  small  pipes 
about  2  in.  diameter,  or  2  in.  square,  passes 
through  the  brickwork,  and  extends  to  within 
Uiree-fburtbs  of  an  inch  of  the  iron  surface  of  the 
cockle-case.  These  pipes  require  to  be  numerous. 
The  cockle-case  here  shown  and  descriljed  is  sup- 
posed to  he  about  5  feet  wide,  5  feet  long,  and  5  feet 
high.  Such  a  cockle  wouhl  require  about  150  to 
200  such  pipes.  The  use  of  them  is  to  bring 
fresh  air  into  immediate  contact  with  the  surface 
of  the  cockle  ;  and  when  once  it  is  brought  in 
through  these  pipes,  it  cannot  escape  or  return 
bock  again,  as  these  pipes,  when  thus  placed, 
form  as  it  were  a  trap,  which  prevents  the  return 
of  the  air,  and  projects  it  against  the  highly- 
heated  sides  of  the  cockle.  The  air  thus  brought 
in  passes  over  the  entire  surface  of  the  cockle  into 
the  upper  part  of  the  air-chamber.  Through  the 
top  of  the  brickwork,  in  the  upper  part  of  this 
hot-air  chamber,  any  required  number  of  pipes  of 
large  diameter  lead  the  heated  air  into  the  dif- 
ferent rooms  to  be  warmed,  passing  through  the 
necessary  flues  or  channels  i)rovitled  for  the  pur- 
pose. These  large  hot-air  pipes  are  so  Irxed  in 
the  brickwork  as  to  extend  quite  through  the  hot- 
air  chamber,  until  they  reach  within  one  inch  of 
the  surface  of  the  iron-cockle  case  (tig.  45).  By 
these  means  the  air  is  prevented  from  too  easy  an 
escape  from  contact  with  the  heated  cockle  which 
otherwise  would  occur.  The  mimerous  aruall 
tubes  at  the  lower  part  of  the  cockle  whicli  pro- 
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ject  the  cold  air  against  the  heated  iron  are  also 
essentially  necessary.  They  were  not  used  when 
the  cockle-stove  was  first  invented ;  and  Mr. 
Sylvester  states  that,  la  some  stoves  to  which 
they  were  subsequently  added,  the  heating  power 
was  just  doubled  when  these  iuduction  pipes  were 
used. 

(204.)  It  is  obvious  that  this  apparatus,  when 
the  fiUTiace  or  fire-box  is  built  inside  the  cockle- 
case,  can  only  be  used  on  a  rather  large  scale. 
It  can  scarcely  be  made  less  than  4^  to  5  feet 
square  ;  and  perhaps  the  best  form  that  can  he 
used  ia  a  square  base  with  a  top  in  the  form  of 
a  groined  arch,  so  that  the  air  may  be  easily 
brought  in  from  all  the  four  aides  ;  and  a  cockle- 
case  of  five  feet  square  and  five  feet  high  would 
have  a  heating  power  equal  to  nearly  650  feet  of 
four-inch  pijje  heated  by  hot-water.  A  smaller 
apparatus  of  this  kind  could  be  made  if  the  furnace 
were  constructed  of  cast  iron,  with  merely  a  lining 
of  fire-brick  ;  and  in  this  way  a  cockle  of  about 
3^  feet  square  might  be  used,  but  the  furnace 
itself  would  probably  not  be  very  durable,  in  con- 
sequence of  the  thinness  of  the  fire-brick. 

(205.)  To  estimate  the  power  of  this  cockle- 
stove  the  experiments  of  Mr.  Sylvester  afford  a 
very  good  guide.  From  these  experiments,  it 
appears  that  with  his  improved  hot-air  apparatus 
or  cockle-stove,  17  square  feet  of  heating  surface 
warmed  344,600  cubic  feet  of  air  56"  in  twelve 
hours,  with  the  consumption  of  60  lbs.  of  coaL 
This  is  equal  to  1,574  cubic  feet  of  air  raised 
1°  per  minute,  when  the  consumption  of  coal  was 
5  lbs.  per  hour,  the  heating-surface  being  17 
square  feet;  or  it  is  also  equal  to  321X126  cubic  feet 
of  air  raised  1"  by  the  combustion  of  1  lb,  of  coil. 
If  we  compare  these  results  with  the  calculations 
(Art.  99)  for  estimating  the  power  of 
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water  apparatus,  we  shall  find  that  each  square 
foot  of  the  cockle  is  equal  in  heating  power  to 
7  square  feet  of  hot-water  pipe.  Therefore,  in 
calculating  the  proper  size  of  the  cockle,  we  can 
either  estimate  it  by  the  quantity  of  air  required 
to  be  heated  per  minute,  by  Mr.  Sylvester's  rule, 
or  we  can  ascertain  by  the  rules  given  (Art.  99  to 
111)  the  surface  of  hot-water  pipe  required,  and 
one-seventh  of  this  quantity  will  be  the  proper 
wiperficies  of  the  iron  case  of  the  stove  to  produce 
the  same  effect. 

(206,)  The  actual  temperature  of  the  cockle- 
stove  itself  can  also  be  estimated  without  any  great 
difficulty.  If  the  radiating  power  of  the  stove  is 
seven  times  that  of  hot-water  pipes  heated  to  200" 

■Tahrenheit,  we  shall  find  by  the  experiments  on 
oooliDg  by  Petit  and  Dulong,  in  Chapter  XII. 
(Art.  227,  et  seq.),  and  by  reducing  the  figures 
there  given  to  Fahrenheit's  scale,  that  4"3  times 
the  temperature  of  hot-water  pipes  will  give  seven 
times  the  effect.  Therefore,  hot-water  pipes  being 
(we  Avill  assume)  at  200"  (or  140°  above  the  tem- 
perature of  the  air),  the  stove  will  be  of  the  actual 
temperature  of  about  560°  Fahrenheit  to  produce 
seven  time  the  effect  of  hot- water  pi]>es.  As  this 
iind  of  stove  bums  with  rather  a  slow  draught,  it 
IB  probable  that  this  statement  of  the  temperature 
is  not  far  from  the  truth. 

(207.)  It  must  be  borne  in  mind  that  in  this 
fonn  of  apparatus  the  back  and  front  of  the  cockle, 
18  well  aa  the  sides,  can  be  made  available  for 
beating  the  air,  if  properly  constructed  and  placed 
r*t  a  distance  from  any  wall,  and  so  arranged  aa  to 
bring  a  supply  of  fresh  air  to  act  upon  it  on  all 
■ides.  It  should  also  be  observed  that  this  estimate 
of  the  heating  power  of  the  cockle,  corapared  with 
tot-water  pipes,  must  be  taken  with  this  limita- 

llion  : — That  the  usual  mode  of  fixing  hot-water 
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pipes  allows  the  air  already  in  the  room  or  build- 
ing to  be  heated  repeatedly  by  the  radiating  siirfacea; 
while  with  the  cockle-stove  it  is  always  (except  in 
some  very  peculiar  cases  not  here  contemplated)  the 
external  air  which  is  brought  into  contact  with  the 
stove,  to  be  heated  to  the  required  temperature. 
This  will  make  a  very  considerable  diffcrenoe  in 
the  effect  produced  in  heating  any  given  building 
(Art.  162),  whatever  may  be  the  nature  of  the 
heating  surface. 

(208.)  Another  form  of  the  cockle-stove  was  in- 
vented by  the  son  and  successor  of  Mr.  Sylvester, 


I 


about  the  year  1830.  It  was  subsequently  adopted 
by  Mr.  Goldsworthy  G-umey,  and  called  by  bia 
name.  It  can  be  made  of  almost  any  size,  and 
usefully  employed  in  many  cases.  The  invention 
consists  of  a  cast-iron  cockle,  on  the  outer  side  of 
which  are  a  great  number  of  projecting  plates 
extending  to  as  much  as  eight  or  ten,  or  even 
twelve  inches,  beyond  the  surface  of  the  cockle 
which  ia  exposed  to  the  direct  action  of  thft  fire  ; 
and  by  this  means  the  radiating  surfaces  ore  greatly 
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insed  in  extent,  and  their  temperature  propor- 
Uy  lower.     Fig.  47  shows  this  kind  of"  cockle- 
i,  which  requires  to  be  cased  in  brickwork, 
a  very  free  admission  of  air  to  the  external 
jecting  plates.     The  air  is  admitted  below  the 
level  of  the  furnace-door,  and,  after  receiving  the 
required  warmth  from  the  heated  plates,  is  con- 
veyed from  the    upper    part    of  the  cockle  into 
nels  or  hot-air  flues,  and  from  thence  conveyed 
the  various  places  to  be  heated. 
(209.)  To  estimate  the  heating  power  of  these 
Btove.=i,  it  is  only  necessary  to  ascertain  the  sur- 
fitce  of  the  inner  arch,  which  is  exposed  to  the 
ilirpct  action  of    the  fire.     The  projecting  plates 
add  nothing  whatever   to  the    heating  power  of 
tlie  stove.     They  merely  conduct  the  heat  of  the 
inner  arch,  and  thereby  rapidly  lower  its  actual 
ipersture,  and  thus  to  n  j^at  extent,  prevent 
deleterious  effects  which  result  from  the  air 
ing  into  contn.ct  with  intensely  heated  eurfuces. 
The  actual  heating  effect,  however,  would  be  the 
same  whether  these  projecting  plates  were  present 
or  not,  provided  the  air  were  made  to  impinge 
"  '  ;h  sufficient  force  and  rapidity  against  the  in- 
laely  heated  sides  of  the  stove  immediately  in 
tact  with  the  fire. 

(210.)  The  temperature  of  the  cockle-stove  with 
slow  combustion  and  isolated  fire-box  having 
estimated  at  560°  Fahrenheit  (Art.  206),  we 
ly  well  suppose  that  this  stove,  with  the  fire 
actaal  contact  with  the  sides  of  the  inner  arch 
the  stove,  the  temperature  of  tlie  arcli  itself 
would  he  not  less  than  700"  Fahrenheit,  if  the 
heat  were  not  rapidly  conducted  away  by  the 
projecting  plates.  This  temperature  will  make 
the  healing  effect  of  this  stove  ten  times  that  of 
hot-water  pi'pes  ;  and  therefore,  if  wo  measure  the 
actual  surface  of  the  inner  arch  of  this  stove  (leav- 


veye( 

Fun 


inne 
■bmi 


226 


BERNHARDT  S  HOT-AIR   AI'PAKATUS. 


ing  out  the  back,  which  is  not  used  for  heating  tho 
air),  and  muhiply  the  number  of  square  feet  thus 
found  by  ten,  we  shall  have  the  number  of  square 
feet  of  hot-water  pipe  that  will  be  equal  to  the 
surface  of  this  stove. 

It  is  difficult,  however,  to  estimat*  the  real 
power  of  this  stove,  because  by  making  a  very 
fierce  fii-e  the  effect  may  be  increased  so  much 
as  to  invalidate  any  ordinary  calculation  of  the 
power.  This  is  not  the  case  with  a  hot-water 
apparatus,  because  there  the  limit  to  the  tem- 
perature of  the  heat-dietributing  surface  is  abso- 
lutely fixed,  and  can  never  exceed  the  beat  of 
boiling  water.  But  with  all  hot-air  stoves,  there 
is  no  absolute  limit  of  this  kind  ;  by  skiliul  or 
unskilful  treatment  of  the  fire,  the  heating  power 
may  lie  so  greatly  altered  as  to  render  any  calcula- 
tion uncertain. 

(211.)  Another  form  of  hot-air  apparatus  was 
some  years  since  rather  extensively  used.  In  the 
year  1834  a  patent  was  taken  out  by  M,  Bernhardt 
for  a  pecidiar  form  of  hot-air  apparatu.*.  The 
inventor  failed  to  carry  out  the  invention  beyond 
a  very  limited  extent  ;  and  in  the  year  1842  the 
same  plan  was  again  patented,  with  vtry  little 
variation,  ijy  Mr.  Hazard,  of  Clifton.  The  general 
form  of  this  apparatus  is  shown,  tig.  48. 

In  this  apparatus  the  smoke  and  products  of 
combustion  pass  firom  the  furnace  directly  into 
a  set  of  cast-iron  tubes,  generally  five  or  six  in 
number,  which  tubes  form  a  long  coil  as  Khown  in 
the  figure.  By  the  jjcculiar  form  given  to  this 
coil,  the  various  pipes,  alter  passing  in  a  straight 
line  for  5  or  C  or  8  feet,  enter  into  a  caat-iron  box 
(shown  in  the  figure),  and  from  thence  through 
another  set  of  pipes,  again  pass  into  another  box 
like  the  first,  and  so  on,  passing  backward  and 
iorward  until  five  or  six  or  more  altematioDs  have 
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Jeen  made,  and  the  smoke  and  products  of  com- 
■ustion  have  thus  parsed  through  a  coil  of  pipes 
if  the  aggregate  length  of  300  feet,  or  upwards, 
cd  usuaiiy  about  two  or  three  inches  diameter. 


Ihe  whole  of  these  pipes  are  then  enclosed  in  a 
rick  casing,  into  which  cold  air  is  admitted  at 
bottom,  which,  after*  passing  upward,  and 
bccessively  coming  into  contact  with  the  various 
■pes,  finally  escapes  at  the  to|i  of  the  case,  highly 
cated,  ami  is  from  thence  conveyed  into  luiy 
luildiiig  or  room  where  it  is  required. 
(212.)  This  plan  of  heating  air  is  no  doubt  very 
lODomicat ;  and  for  many  manufacturins-  and 
q2 
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drying  jiurposea  it  would  jiossess  very  great  ad- 
vantages, if  it  were  not  for  the  extreme  difficulty 
of  cleaning  the  pipes  from  the  soot.  The  cast-iron 
boxes  which  connect  the  pipes  can  be  made  to 
open  at  the  ends,  and  possibly  tthoiigh  with  much 
more  difficulty)  in  the  front  also  ;  but  it  scarcely 
appears  possible  effectually  to  clean  out  the  pipes 
themselves,  and  the  constant  dirt  and  extreme 
annoyance  of  the  efforts  to  keep  the  pipes  clear 
necessarily  disqualifies  this  apparatus  for  general 
use.  Like  many  other  patent  inventions,  this  ap- 
paratus couhl  boast  of  nurai>erless  certificates  of 
high  approval  from  parties  of  unquestioned  veracity; 
but,  notwithstanding  these  testimonials,  the  use  of 
this  form  of  apparatus  appears  now  to  have  entirely 
ceased. 

(213.)  These  several  forms  of  hot-air  apparatus 
are  all  suljject  to  one  general  objection  to  their 
application.  Whenever  the  furnace  and  heating- 
surfaces  are  placed  at  a  distance  from  the  place 
to  be  heated,  and  are  not  directly  under  it,  there 
is  great  difficulty  in  conveying  the  heated  air 
laterally  through  horizontal  tiues,  unless  the  flues 
have  first  given  to  them  a  very  great  vertical 
height.  This  vertical  height  of  flue  gives  velocity 
to  the  current  of  heated  air  ;  and  without  this  it  is 
most  diflicult  to  make  the  current  travel  horizon- 
tally along  the  flues  which  are  requisite  to  convey 
it  to  the  different  rooma.  Mr.  .Sylvester,  in  his 
description  of  Mr.  Strutt's  hot-air  cockle,  states, 
that  it  is  necessary  to  have  the  cockle  and  furnace 
firora  20  to  30  feet  below  the  i-oouis  which  are  Iti 
be  heated,  in  order  to  obtain  sufficient  velocity  of 
the  air  before  it  passes  in  a  horizontal  direction. 
It  is  almost  impossible  to  obtain  this  depth  for  the 
furnace  below  the  rooms  which  are  to  bo  heated 
in  any  ordinary  buildings  ;  and  unless,  therefore, 
the  furnace  can  be  fixed  immediately  under  the 
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place  to  be  heated,  the  liot-air  apparatus  becomes 
extremely  difficult  of  application.  The  only  way 
to  overcome  the  difficulty  is  to  warm  the  horizontal 
flues  by  some  extraneous  means.  When  this  can 
be  done,  the  hot-air  travels  readily  through 
the  horizontal  flues,  and  when  once  the  current 
has  been  established,  it  continues  readily  to  flow. 
This  is  now  sometimes  done  by  means  of  hot- 
water  pipes,  which  are  laid  in  the  horizontal  flues  ; 
and  these  pipes  can  be  heated  by  means  of  a 
coil  of  wrought-iron  pipes  passing  through  the 
fiUTiace  of  tlie  cockle-stove.  The  proper  size  of 
this  subsidiary  apparatus  for  warming  the  flues 
may  be  easily  ascertained.  In  very  large  flues  of 
from  three  to  four  feet  square  (or  from  nine  to 
sixteen  sciuare  feet  area)  two  hot-water  pijiea  of 
four  inches  diameter,  kid  the  whole  length  of  the 
flue,  are  sufficient  ;  and  in  smaller  flues  two  pipes 
of  two  inches  diameter  will  be  large  enough  for  the 
purpose.  The  size  of  the  coil  to  heat  this  pipe  can 
be  ascertained  by  the  rules  given  (Art.  71)  for 
apportioning  the  size  of  boilers  ;  by  which  it 
will  be  seen  that  one  superficial  foot  of  coil  placed 
ID  the  furnace  will  be  sufficient  to  heat  from  40  to 
50  fect  of  4  inch  pipe  in  the  flue,  or  twice  that 
length  of  2  inch  jiipe. 

(214.)  Another  apparatus  for  heating  air  to  a 
moderate  extent,  and  well  suited  for  warming  and 
ventilating  purposes,  is  shown  in  iigs.  49  and  50. 
It  consists  of  a  number  of  iron  pipes  of  10  to  15 
feet  long,  and  about  2  or  2^  iuchps  diameter 
fixed  at  each  end  into  a  tube-plate  (fig.  49),  and 
a»  close  together  as  they  can  be  easily  placed. 
This  series  of  tubes,  with  its  two  end-plates,  is  then 
built  into  n  furnace  in  such  manner  that  the 
flame  ami  heated  gases  shall  act  as  extensively  as 
possible  upon  the  outside  of  the  tubes.  The  air 
to  !«  heated  enters  the  tubes  above  the  furnace- 
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door  at  one  end,  and  passing  through  the  tubes,  is 
delivered  at  the  opposite  end  into  a  channel  or 


flue,  by  which  it  is  conducted  into  the  room  or 
building  which  is  required  to  be  heated.* 

(215.)  The  power  of  this  Ibrm  of"  apparntus  can 
be  estimated  by  reckoning  every  square  foot  of 
pipe  thus  exposed  to  the  tire  as  equal  to  about 
seven  square  feet  of  hot-water  pipes.     In  point  of 

■  Tbia  form  of  ai'paratUB.  by  no  means  new,  thongb  not 
much  usud,  has  receuily  (in  thu  year  187U)  been  intide  Uia 
sabjeot  of  a  Putent  by  Messrs.  TruBwell  of  8be£eld. 
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heating  power,  therefore,  it  will  be  about  equal  to 
the  Belper  hot-air  cockle ;  but  in  economy  of 
fuel  it  will  be  decidedly  inferior.  The  apparatus 
Trill  also  require  to  be  frequently  cleareil  from 
soot,  which  will  speedily  condense  upon  the  sur- 
face of  the  pipes,  and  must  be  removed  through 
proper  openings  made  in  the  sides  and  ends  of 
the  brick  casing  in  which  the  tubes  are  enclosed. 

(216.)  All  these  several  forms  of  hot-air  appa- 
ratus require  a  very  free  admission  of  air  into 
the  air-channels  of  the  apparatus.  Unless  this 
be  attended  to  in  fixing  the  stoves,  the  heating 
power  will  be  greatly  curtailed ;  and  therefore  a 
small  close  furnace-room,  or  stoke-hole,  will  ob- 
viously be  improper  for  any  of  these  previously 
described  forms  of  apparatus. 

(217.)  There  is  yet  another  form  of  hot-air 
apparatus  which  it  may  be  desirable  to  mention, 
uthough  it  is  solely  applicable  to  manufacturing 
and  drying .  purposes,  and  would  be  altogether 
imfit  for  warming  buildings  used  for  habitation. 
This  apparatus  has  long  been  known  and  used  in 
the  manufacture  of  iron,  under  the  name  of  the 
"hot-blast  apparatus."  It  is  very  much  like  the 
apparatus  described  as  "Bernhardt  and  Hazard's 
Patents,"  only  that  instead  of  the  smoke  and 
heated  gases  passing  through  the  pipes  as  in  that 
arrangement,  in  this  case  it  is  the  air  which  passes 
through  the  jupes,  and  the  pipes  themselves  are 
heated  in  a  furnace  very  much  after  the  fashion 
of  a  gaa-retort.  The  form  of  the  apparatus  has 
undergone  many  changes,  and  it  has  been  used 
m  an  infinite  variety  of  shapes.  It  bus  some- 
I  times  been  used  as  a  continuously  coiled  pipe, 
,of  rather  large  diameter  ;  sometimes  a  number 
Itrf"  small  pipes  branch  out  from  a  much  larger  pipe, 
land  form  an  arch  ;  and  sometimes  a  form  almoat 
[Bmilar    to    Bemhardt's    patent    has    been    used. 
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In  all  caee^  the  air  is  forced  through  the  pijies  by 
mechanical  iiieanB,  and  the  pipes  themselves  are 
heated  externally  in  a  sort  of  reverberatory  fur- 
nace. Tlie  pipes  thus  become  red  hot,  and  the 
air  in  jiaaeing  through  them  is  heated  to  any 
required  temperature,  vaiying  from  300"  to  600" 
Fahrenlieit.*  For  manumcturing  purposes,  this 
form  of  apparatus  may  sometimes  be  extremely 
useful,  where  motive  power  by  a  fan  or  otherwise 
can  be  obtained  ;  and  enormous  quantities  of  air 
can  )ic  heated  by  this  means.  The  apparatus  is 
Bubject  to  a  considerable  amount  of  wear  and  tear, 
in  consequence  of  the  great  heat  of  the  furnace; 
but  by  proper  arrangements  of  the  parts  this 
may  be  uonsiderably  modilied. 

(21S.)  The  proportions  of  this  form  of  appara- 
tus, to  suit  it  tor  any  of  the  ordinary  purposes  to 
which  it  may  be  applied,  are  not  easUy  deduced 
from  the  experiments  published  respecting  its 
application  to  iron  manutacture.  Thp  velocity  of 
the  air  passing  through  the  pijies  when  the 
apparatus  is  uned  in  the  blast-furnaces,  is  from 
350  to  400  miles  per  hour  ;  the  volume  of  heated 
air  from  2,000  to  3,000  cubic  feet  per  minute  ; 
and  the  heated  surfaces  of  the  pipes  from  1,200 
to  1,800  square  feet.  These  quantities  are  so 
enormous,  and  the  alteration  of  any  one  of  them 
60  completely  invalidates  any  calculation  founded 
upon  their  joint  efl'ect,  that  no  useful  data  can  be 
drawn  from  them  to  apply  the  apparatus  to  any 
other  purpose.  Nevertheless,  it  is  clear  that 
where  a  motive-power  fur  forcing  air  through 
the  heated  pipes  can  be  employed,  a  very  useful 
apparatus  in  tliis  form  might  be  obtained,  which 
would  be  applicable  for  drying  purposes,  as  the 

•  Bee  Uufrenoy'a  "  Report  on  the  Use  of  Hot  Ait  in  the 
ItoQ  Works  of  England  ;"  and  abo  a  TranekUoD,  pnbli^e^ 
by  Murray.     London,  1836. 
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force  and  tem[)eratiire  of  the  blast  may  Ije  regu- 
lated to  almost  any  extent. 

(219.)  The  best  mode  of  producing  a  blast  of 
air  for  the  purpose  here  dcacribed  is  by  the  fen 
described  (Art.  363,  et  seq.).  Where  steam-power 
J8  used,  this  application  will  present  no  difficulty  ; 
bat  unless  some  mechanical  means  of  forcinj^  the 
air  through  the  tubes  with  considerable  velocity 
can  be  employed,  this  form  of  apparatus  would  be 
utterly  uosuitable.  When  used  in  this  way,  there 
is  no  apparatus  that  can  compare  with  it  in  power, 
wherever  large  volumes  of  intensely  heated  air  are 
required  for  desiccating  purposes.  For  drying 
timber  in  very  large  quantities  ;  for  the  rapid 
evaporation  of  moisture  in  many  processes  ;  for 
euriDg-stoves  for  animal  substances  ;  and  for  many 
other  purposes  of  manufacturing  economy — this 
mode  of  heating  and  drying  presents  advantages  of 
no  inconsiderable  extent,  though,  up  to  the  present 
time,  it  has  not  been  used  in  this  manner. 

The  deterioration  of  the  air  by  passing  over 
lugbly-heated  metallic  surfaces  must  not  be  lost 
Bight  of  wlien  considering  any  of  tbe  plans  for  hot- 
air  apparatus.  This  part  of  the  subject  is  fully 
treated  on  in  Chapter  III.,  Part  II.,  of  this  work, 
to  which  the  reader  is  referred. 


CHAPTER  XU. 
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Badiation  and  Coudnction — General  Law  of  Cooling  Bodies 
in  Air  and  other  Gases — DiiTereot  Law  for  Conduction  and 
lor  Radiation — Effect  by  tlie  Licidence  of  the  Raya — 
Effects  of  Surface  on  Radiation— Effects  of  Colour— Effoota 
of  Roughness — Absorptive  Power  of  Bodies  for  Heat — 
Conducting  Power  of  Metals— Conducting  Ppwer  of  Wood 
— Conducting  Power  of  Liquids — Cooling  Liffuence  of 
Water  and  Air — Reflective  Powers  of  Bodies — Spe«ifie 
Heat  of  Bodies — Latent  Heat — Spontaneous  Evaporation 
— Heat  and  Cold  by  Condensation  and  Rarefaction  of  thft 
Air — AfotioQ  of  Liquids  influenced  by  Heat — Effect  of 
Heat  on  Strengtli  of  Materials. 

(220.  HowEVEE  various  are  the  methods  by 
which  artificial  heat  is  distributed  in  the  wanning 
of  buildings,  they  are  all  reducible  to  certain 
rules,  which  constitute  the  primary  lawa  of  heat. 
These  laws  are  very  numerous,  and  some  of  them 
extremely  complicated  ;  but  they  possess  a  very 
high  degree  of  philosophic  interest.  They  are 
far  too  extensive,  however,  to  allow  in  tiiis  work 
even  a  bare  outline  of  all  the  various  phenomens 
to  be  given,  which  this  branch  of  science  exhibits. 
But  in  the  present  chapter  such  of  the  laws  of 
heat  as  relate  to  the  subject  more  inunediately 
before  us  shall  be  stated,  in  order  to  afford  a 
more  ready  and  convenient  reference  for  those  who 
wish  to  study  the  scientific  principles  of  wanning 
buildings  by  artificial  heat. 


RADIATION   AND    CONDUCTION.  iAO 

(221.)  There  are  four  distinct  properties  of 
sat,  which  all  bodies  possess  in  a  greater  or  less 
p-ee,  which  we  ehall  first  consider.  These 
,  radiation,  absorption,  conduction,  and  refection, 
tere  are  also  others,  which  will  t)e  subsequently 
mentioned,  such  as  the  specific  heat  of  bodies, 
their  change  of  state,  and  other  subjects  connected 
with  their  chemical  constitution. 

(222.)  Heated  bodies  give  oft'  their  caloric  by- 
two   distinct    modes  —  radiation   and   conduction. 
These  are  governed  liy  different   laws  :    but  the 
rate   of    cooling    by    both    modes    increases    con- 
siderably in  proportion  as  the  heated  body  is  of 
^J   greater    temperature     above    the    surrounding 
^Hedium.      This  variation  was  long  supposed  to 
^^B  exactly  pro])ortioual  to  the  simple  ratio  of  the 
^^Kcess   of   heat:  ;    that   is  to  say,   supposing  any 
qnantity  of  heat  given  off  in  a  certain  time  at  a 
Bpecitied  difterence  of  temperature,  at  double  that 
diiierence    twice   the   quantity  of  heat   would  he 
given  off  in  the  same  time.     This  law  was  origi- 
nally proposed  by  Newton,  in  the  Principia,  and, 
although   rejected   as   erroneous    by    some    philo- 
sopliers,    it   was    followed    by    Richmaun,    Kraft, 
l>altoii,     Leshe,    and     many     others  ;     and     was 
usually    considered   to    be    nearly   accurate,    until 
the  masterly  and  elaborate  exjierimenta  of   MM. 
Petit  and  JJulong  proved  that,  although  approxi- 
^mately  correct  for  low  temperatures,  it    becomes 
^BUremely    inaccurate    at  the   higher   degrees    of 

^Br(223.)  The  cooling  of  a  heated  body,  under 
ordinary  circumstimces,  is  evidently  by  the  com- 
bined eftectji  of  radiation  and  conduction.  The 
conductive  power  of  the  air  is  principally  owing 
to  the  extreme  mobility  of  its  particles,  for  other- 
wise it  ia  one  of  the  worst  conductors  we  are 
Quainted  witli :  so  that  when  confiued  in  such  a 


236 


ON    THE   LAWS   AND 


manner  as  to  prevent  its  freedom  of  motion,  it  is 
a  most  useful  non-conductor. 

(224.)  The  proportions  which  radiation  and 
conduction  bear  to  each  other  have,  in  general, 
beeu  very  erroneously  estimated.  Count  Rumford 
considered  the  united  etlect,  compared  with  radia- 
tion alone,  was  as  five  to  three  ;  and  Franklin 
supposed  it  to  be  as  five  to  two.  Dr.  Murray  also 
considered  a  certain  relation  existed  between 
radiating  and  conducting  powers. 

No  such  general  law,  however,  can  be  deduced ; 
for  the  relative  proportions  vary  with  the  tem- 
perature, and  with  the  {)ecuiiar  substance  or  sor- 
tace  of  the  heated  body.  For  while  the  cooling 
effect  of  the  air  by  conduction  is  the  same  on  all  sub- 
stances,  and  in  all  states  of  the  surface  of  those  sub- 
stances, radiation  varies  materially,  according  to 
the  nature  of  the  surface. 

(225.)  The  elaborate  experiments  of  Petit  and 
Dulong  have  placed  on  record  a  vast  amount  of 
moat  valuable  information  on  this  subject  ;*  and 
by  their  researches  some  of  the  most  important  of 
tne  laws  of  heat  have  been  deduced.  The  follow- 
ing abstract  will  give  such  of  their  deductions  as 
are  most  applicable  to  the  subject  under  inquiry. 

(226.)  The  influence  of  the  air  by  its  power  of 
conduction  varies  with  its  elasticity  or  barome- 
tric pressure.  The  greater  the  elastic  force,  tho 
greater  also  ia  its  cooling  power,  according  to  the 
following  law :  When  the  eiisticily  of  tfie  air  vari&i 
in  a  geometrical  progression  whose  ratio  ia  2,  its  cool- 
ing  power  changes  likewise  in  a  geometrical  progrts- 
sion  whose  ratio  is  l'3fi6. 

The  same  law  holds  with  all  gases,  as  well  as 
with  atmospheric  air ;  but  the  ratio  of  the  pro- 
gression varies  for  each  gas. 

•  ,Inn.  rf«  Cliiviie,  vol.  TU.,  p.  118,  M  siv;. ;  an<I  .luiuib  of 
',  vol.  xUi.,  p.  112,  tt  Hei/. 
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(227.)  To  show  the  relative  velocities  of  cool- 
■,  at  diftenant  lemperatures,  the  followiug  Table, 
ted    from    the  experiments   of  Pedl    and 
i»  given.      The  first  c^olumn  shows  the 
I  of  temperature*  of  the  healed  body  above 
fttbe  BiUTOtuidmg  air  ;f  the    second  column  shows 

T»BJ,K  VI. 


r^ 

E^ct 

Total  Velocity 

Amonnl  of 

T«aper*ta»or 

Tola]  Vtlodt* 

of  CooUne 

Coolins  do.  W  \ 

thcTbemmneteraJ  CocOitut  ut  die! 

ofBilbnix^ 

Condortioii      , 

kbuvelhMol 

naked  Bulk 

with  Silver 

ultbo 

lh*Air; 

iMl. 

Air  alone.       1 

C>miend<&ut«. 

ajo" 

2442 

10-96 

8  10          1 

^^H 

2*0° 

2M2 

9-S2 

7-41 

^^M 

220' 

17-92 

8-59 

e-61 

^^H 

200° 

15-30 

767 

S'92 

^^H 

1H0° 

13-04 

C-57 

6-19 

^^P 

180= 

10-70 

fi59 

4-&0 

^^H 

140° 

876 

401 

8-78 

^^H 

120° 

6-82 

8-&0 

8-11 

^^V 

100' 

e-57 

3  06 

2-58 

1 

80* 

416 

2-32 

1-93 

60' 

2-8G 

1-60 

1-88 

40° 

1-74 

■96 

■80 

^_ 

20° 

•77 

-42 

-84 

i 

10" 

■87 

■19 

-14 

^ 


•  The  temperatures  in  <ill  tliae  exptrimenU  of  Petit  ai)d 
CuloDg  are  expressed  ia  degrees  of  the  Ceotigrade  thermo- 
meter. Aa  the  zero  of  tliis  thermometer  is  the  freezing-point 
of  water,  aud  from  that  to  the  boiling-poiat  of  the  same  Huid 
i&  100°,  in  order  to  fiud  the  number  of  degrees  of  P'tihrenluit't 
■oale,  <r)iich  auewcrs  to  any  given  temperature  of  the  Centi- 
grade, multiply  the  number  of  degrees  of  t'cntifftaJp  by  nine, 
and  divide  the  product  by  five  ;  add  82  to  the  quotient  thuB 
cbtained,  and  this  Bum  will  be  the  numher  of  dej^rees  of 
Fahrenheit  required.  As,  however,  in  the  above  Table,  the 
lemperatures  given  are  only  the  '■xc^i-s,  and  not  tho  absolute 
lempornturea,  the  32°  to  be  added  by  this  rule  must  bo 
omitted. 

t  In  these  experimenta,  the  temperature  of  the  air  was  at 
0"  Centigrade,  therefore  these  temperatores  are  both  the 
and  also  the  absolute  temperatures. 
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the  rate  of  cooling  of  a  thermometer  with  a  plain 
bulb  ;  and  the  third  column  gives  the  rate  of 
cooling  when  the  bulb  was  covered  with  silver- 
leaf.  The  fourth  column  shows  the  amount  due 
to  the  cooling  of  the  air  alone;  and  by  deducting 
this  from  the  second  and  third  columns  respec- 
tively, we  shall  find  what  is  the  amount  of  radia- 
tion under  the  two  different  states  of  surface,  noticed 
at  the  top  of  the  second  and  third  columns. 

(228.)  Some  very  remarkable  effects  may  be 
perceived  by  an  inspection  of  the  alwve  Table. 
It  appears  that  the  ratio  of  heat  lost  by  contact 
of  the  air  alone  is  constant  at  all  temperatures; 
that  is,  whatever  is  the  ratio  between  40"  and  80°, 
for  inatance,  is  also  the  ratio  between  80°  and 
160",  or  between  100°  and  200".  This  law  ie 
expressed  by  the  formula — 

v=n  .  t  '^ 
where  t  represents  the  excess  of  temperature,  and 
n  a  number  which  varies  with  the  size  of  the  heated 
body.     In  the  case  represented  in  the  foregoing 
Table,  n^O-00857. 

(229.)  Another  remarkable  law  is,  that  the  cool* 
ing  effect  of  the  air  is  tlie  same  far  the  like  excess  of 
lieat  on  all  bodies  without  regard  to  the  particular 
stale  or  nature  of  their  surface.  This  was  ascertained 
by  Petit  and  Dulong,  in  a  eeries  of  experiments 
not  necessary  here  to  detail,  but  which  abundantly 
prove  the  accuracy  of  the  deduction.* 

(230.)  By  comparing  the  second  and  third 
columns  in  the  preceding  Table,  it  will  l>e  imme- 
diately perceived  that  tlie  loss  of  heat  by  radiation 
(deducting  the  cooling  by  conduction  of  th«  air, 
given  in  the  fourth  column)  varies  greatly  with  the 
nature  of  the  radiating  surface  ;  though,  whatever 
be  the  nature  of  the  surface,  the  loss  of  heat  jotUnes 
the  same  law  in  all  cawn,  though  in  a  diffrrmt  ratio- 
•  Annalt  of  Vkilotophy,  vol.  niii. 
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It  should  be  observed  that  in  this  Table  the 
secood,  third,  and  fourth  colunms  show  the 
Dumber  of  degrees  of  heat  which  were  lost  per 
minute  by  the  bo<ly  which  was  the  subject  of 
esperiment  ;  and,  tlierefore,  these  numbers  repre- 
sent the  velocity  of  cooling. 

When  the  numbers  in  the  last  column  are 
deducted  from  those  in  the  second  and  third 
columns,  the  difference  will  show  the  loss  of  heat 
by  radiation  for  the  plain  and  silvered  bulb  re- 
Bpcctively  ;  the  fourth  coUiran  being  the  loss  by 
conduction  of  the  air,  which  is  the  same  for  all 
I.etU'faces.  It  will  immediately  be  perceived,  there- 
'ire,  that  the  loss  of  heat  hy  conduction  and  by 
radiation  bear  no  constant  ratio  to  each  other. 
But,  while  conduction  proceedi^  by  a  regular  geome- 
trical progression,  radiation  tbllows  another  law, 
viz.,  when  a  body  cools  in  vaaw,  surrounded  by  a 
medium  whose  temperature  is  constant,  the  vdociiy  of 
cooling,  for  excess  of  temperature  in  arithmetical  pro- 
ffression,  increases  as  the  terms  of  a  geometrical  pro- 
ffression,  diminished  by  a  constant  quantity.  This 
law  is  represented  by  the  formula — 
V=m.  a»(o'— 1) 

'  where  a  is  the  constant  quantity  for  all  bodie8= 
1'00"7  ;  ( the  excess  of  temperature  of  the  radia- 
ting body  :  0  the  temperature  of  the  surrounding 
medium  ;  and  m  a  co-efficient,  which  varies  with 
the  size  and  nature  of  the  radiating  body,  to  be 
determined  for  each  particular  case.  It  will  like- 
wise  a]»pear  that,  when  we  compare  the  total  cooling 
of  two  different  surfaces,  the  law  is  more  ra])id 
at  low  temperatures,  and  less  rapid  at  high  tem- 
peratures, for  the  body  which  radiates  the  least,  in 
caparison  with  that  which  radiates  with  greater 
-wer. 
(231.)  But  the  coolmg  of  a  body  by  conduction 
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of  the  air  differs  from  the  effect  of  radiation  in  a 
remarkaljle  manner,  in  this  particular — that  while 
the  ratio  of  loss  by  conduction  contimies  the  same 
for  the  same  excess  of  temperature,  tehatever  be  the 
absolute  temperatures  of  the  air  and  heated  body ; 
radiation  increases  in  velocity,  for  like  excess  of  tern.' 
perature,  when  tfie  absolute:  temperatures  of  the  air  and 
heated  body  increase.  The  following  Tahle  shows 
the  law  of  cooling  by  radiation  for  the  same  body  at 
different  temperatures  ; — 

Table  VII. 


BiCOBS  of 

Tcmpatatura 
o!  tbo 

Velocity  of  C 
tb 

""■""""■ 

0" 

20= 

40° 

60' 

220= 

881 

10-41 

11-98 

_ 

200' 

7-40 

8-58 

10-01 

11-64 

180° 

6-10 

704 

8-20 

9-65 

ieo° 

4-89 

5-67 

6-61 

7-68 

140" 

8-88 

4'57 

fl-82 

6-14 

120" 

802 

866 

■1-15 

4-84 

100° 

2-30 

2.74 

3-16 

8-08 

It  will  be  observed  in  this  Table  that,  when 
the  absolute  temperatures  of  the  surrounding 
medium  and  radiating  body  are  increased  20°  of 
Centigrade,  the  difference  between  their  temperatures 
continuing  the  same,  the  velocity  of  cooling  is 
multiplied  by  1*165,  which  is  the  mean  of  all  the 
ratios  in  the  above  Table,  experimentally  deter- 
mineil. 

{232.)  The  total  cooling  of  a.  body  I>y  radiation 
and  conduction,  then,  we  shall  find  to  be  repre- 
sented, under  all  circumstances,  by  this  forrauU — 

m.  a^{a'—l)  +  n.  (* 
The  quantities  a  and  h  are  constant  for  all  bodies, 
and  under  all    circumstances  ;    the  first    being  = 
10077   and  the  latter  =1-233.     The  co-efficient 


PHENOMENA    OF    HEAT. 


241 


^ 


will  depend  on  the  size  and  nature  of  the  heated 
Burface,  as  well  as  upon  the  nature  of  the  sur- 
rounding medium.  The  co-efficient  n  is  inde- 
pendent of  the  absolute  tem]>erature,  as  well  as  of 
the  nature  of  the  surface  of  the  body  ;  but  will 
Tary  with  the  elasticity  and  nature  of  the  gas  in 
which  the  body  is  plunged  :  t  is  the  excess  of 
temjierature  of  the  heated  body,  and  fl  the  tem- 
perature of  the  surrounding  medium. 

(23S.)  The  fact,  already  adverted  to,  that  the 
ratio  of  cooling  of  those  bodies  that  radiate  least 
is  more  rapid  at  low  tcmjieratures,  and  less  rapid 
at  high  temperatures,  than  those  bodies  that 
radiate  most,  is  perhaps  one  of  the  most  remark- 
able of  the  laws  of  cooling.  It  was  first  deduced 
experimentally  by  Petit  and  Diilong,  and  it  may 
be  mathematically  proved  from  their  fornmiiP.* 
It  api>ear8,  however,  that,  when  the  total  cooling 
of  two  bodies  is  compared,  the  law  is  more  rapid 
at  low  temperatures  for  the  body  whicli  radiates 
least,  and  less  rapid  for  the  same  body  at  high 
tein|)eratures  ;  though  separately,  for  conduction 
nnd  for  radiation,  the  law  of  coohng  is,  for  the 
former,  irresi)ectivc  of  the  nature  of  the  body,  and 
for  the  latter,  that  all  bodies  preserve,  at  every 
difference  of  temperature,  a  constant  ratio  in  tlieir 
radiating  power. 

(234.)  To  revert  to  the  first  Table  in  this 
chapter.  We  find  the  total  cooling  at  60°  and 
120°  (of  Centigrade)  to  be  about  as  3  to  7  :  at  60" 
and  180",  as  3  to  13  ;  and  at  60°  and  240,  as  3  to 
21  :  whereas,  according  to  the  old  theory  of 
Kewton,  they  should  have  been  respectively  as 
3  to  6  ;  as  3  to  9  ;  and  as  3  to  V2.  But  we  find 
that  the  deviation  increases  greatly  with  the 
increase  of  tempcrnture,  and  that  when  the  txct'sa 
of  temperature  of  the  heated  body  above  the 
•  AimaU  of  Phiionophi/,  vol.  xiii.,  p.  335. 
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surrounding;  air  is  &b  high  na  240°  of  Centignuio 
(432"  of  Fahrenheit),  the  real  velocity  of  cooling 
is  nearly  double  what  it  would  appear  to  be  by 
the  old  and  imperfect  theory,  varying,  however, 
with  the  nature  of  the  surface. 

(235.)  But  radiant  heat  is  subject  to  other  laws 
besides  those  we  have  yet  considered.  Rays  of 
heat  diverge  in  straight  lines  from  every  part  of 
a  heated  surface,  and  likewise  from  extremely 
minute  depths  Ijelow  the  surface  of  hot  bodies, 
being  subject  to  the  laws  of  refraction,  the  same 
as  light.  The  intensity  of  these  rays  decreases  as 
Hit  square  of  the  distance,  and  the  emission  of  the 
rays  is  greatest  in  a  line  perpendicular  to  the 
surface.  The  same  law  obtains  here,  also,  aa  with 
light — that  the  effect  of  the  ray  is  as  the  sine  of 
the  angle  which  it  forms  with  the  surface  irom 
which  it  emanates.*  This  iaw  of  ike  sines,  first 
discovered  experimentally  by  Leshe,  suggests 
practical  caution  connected  with  the  subject  isefore 
UB,  namely,  that  the  shape  of  the  pipes  used  to 
warm  a  building  is  not  wholly  unimportant  ;  for, 
if  flat  pipes  lie  used,  and  they  be  laid  horizontally, 
the  major  part  of  the  radiated  heat  irom  the  upper 
surface  will  be  received  on  the  celling,  ant' 
therefore  will  produce  but  little  Iwneficial  efibcL 
The  loss  sustained  in  tliia  way  will  be  greater  in 
proportion  to  the  higher  temperature  of  the  \npes 
for  it  will  be  seen  by  the  Table  at  the  Ijcginning 
of  this  chapter,  that  the  relative  proportion  which 
radiation  bears  to  conduction  increases  with  the 
temperature  :  at  the  ordinary  temj>erature  of  hot- 

•  This  law  is  thua  stated  by  Foarier:  "The  raya  of  bM^ 
wliich  iBsne  niiiler  differeiit  angles  from  tbe  same  point  of  tb" 
surface  of  any  body,  have  an  intensity  wliich  decreasea  propor- 
tionally  to  the  sine  of  tbe  angle  formed  by  tbeir  dlreotioa  wili" 
the  plane  tangential  to  tbe  surface  at  tbo  point  of  cmietiioa." — ' 
Li'iidiiii  and  Kdinbiiriih  PkU<,iiu]}hical  Mo'ia^ni,  VoL  U.,  p.  104 
B^ort,  Urituh  Sfp-Jid'/ir  .■i«oo,oiK.»,  vol.  iv.  llHSriV  n    -■■ 
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Rirster  pipes,  about  one-fourth  the  totnl  cooling  is 
^Atx  to  radiation. 

(236.)  The  radiation  of  heat,  we  have  already 
■  wen,  is  greatly  either  increiieed  or  diminished 
lacconllng  to  the  nature  of  the  surface  of  the 
lladiating  body.  Professor  Leslie  has  given  the 
■imowing  as  the  relative  powers  of  radiation  by 
■dtfferenc  substances  : — * 


L 

Table 

vni. 

Ximp-blaci.         . 

100 

Turnished  Lead  . 

I.  Water  (by  ealimftle) 

mo 

TUin  FUm  of  JeUy  (one 

Writing  P»per 

OH 

qnarter  of  formerj     . 

fi«o.         .         . 

06 

Tin  scratched  witli  Sand- 

Saiiing-wax 

9o 

paper 

Crown  Glass 

!)l) 

Mercury       .         .         . 

CiiinalDk    . 

88 

Clean  Lead  . 

I«       .         .         . 

85 

Iron,  polished 

BedLe«d    . 

80 

Tin  Plate     . 

laiogU.'ia 

80 

Gold.  Silver. and  Copper 

Plambago    . 

75 

Thin  Lambaj  of  Gold. 

Thick  Film  of  OH 

59 

SUver.orCopperLeaf, 

Rhn  o(  JeUy        . 

54 

on  Glass  . 

!nuai]«r  Film  of  Oil 

61 

12 


(237.)     It  is  very  generally  supposed  that  colour 

considerable  influence  on  radiant  heat,  and 

also  upon  the  absorption  of  heat,  the  twi)  effects 

being  similar  and  e'juril.      Sir    Humphrey  Davy, 

xposing    surfaces    of  various  colours    to    the 

OT    the    sun,    proved    ex[terimenfallyt    that 

absorbing  power  of  different  colours  was  in 

is  order:    black,  blue,  green,  red,  yellow,  and 

'hite;  black  Ijeing  the  best,  and  white  the  worst 

lorbent.     In  this  oider,  then,  we  should  expect 

find  the  radiating  powers  of  different  colours, 

id  ihac  by  painting  a  boily  with  a  dark  colonr 

should  increase  its  ])ower  of  radiation.     This, 

•  Leslie.  On  Heat,  pp.  61—110. 
I   +  Beddoe's    ( onlribuliont,  p.  44;    also,  Dr.  Stark's  "  Be- 
rehes   on   Ueat,"  I'hUotophenl    Trantactiont,   1834 ;   and 
h-ry  ./  Arts,  1881.  pp.  257,  312. 

B   2 
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however,  is  not  the  case;  and  there  are  the  strongest 
reasons  for  supposing  that  the  absorption  and 
radiation  of  5i'm/)/fi  heat — that  is,  heat  without  light, 
or  heat  from  bodies  below  luminosity— are  wholly 
irrespective  of  colour,  and  depend  upon  the  nature 
of  the  Burface. 

(238.)  By  comparing  the  results  given  in  the 
above  Table,  it  will  appear  that  the  radiation  of 
heat  bears  no  relation  to  colour,  when  the  radiating 
body  is  l>elow  the  temperature  of  !x)iling  water. 
By  the  Table  it  appears  that  lamp-black  and  wliite 
paper  are  nearly  equal  in  power;  while  Indian  ink 
is  much  less,  and  black-lead  still  lower  in  the  scale; 
though,  aa  far  as  colour  only  is  concerned,  these 
last  are  nearly  the  same  as  ianip-black.  Professor 
Powell  considers,  as  also  did  Leslie,  that  ■loftneas 
may  probably  tend  to  inci-ease  the  radiation  o? simple 
heat;*  and  the  former  found  that  a  thermometer- 
bulb  coated  with  a  paste  of  chalk  was  affected  (fiy 
this  kind  of  heat — that  is,  heat  below  luminosity) 
even  more  than  a  similar  one  coated  ivith  Indian 
ink;  but  the  same  result  does  not  occur  with 
luminous  hot  bodies.f  Professor  Bache  has  like- 
wise made  an  extensive  series  of  experiments  on 
this  subject,  which  confirm  this  result. J  The 
experiments  of  Leslie  proved  that  radiation  [irocceds 
not  only  from  the  surface  of  bodies,  but  also  from 
small  depths  below  the  surface;  and  therefore  the 
thickness  of  coating  of  any  good  radiating  substance 
materially  atfects  the  results,  aa  may  ]je  observed  by 

•  It  is  iiecossary  to  diBtiuRiiiBli  partioulatly  between  timplt 
lirat  from  bodies  of  a  limited  teuiiieratiire  and  tJiat  wliich  is 
giveu  olT  from  lumtiviuii  hot  bodies.  From  these  latlur,  Uia 
experimcuts  uf  Nobili  and  Uelloni  prove  the  exiutmice  of  two 
distmct  kinds  of  heatiiig  rays  given  olT  at  the  same  time  from 
the  same  body. 

t  ProfeflBor  Powell's  "  Bejiort  ou  ileat,"  iiriiinh  6'cimti/ie 
Asioeialion,  vol.  i.,  p.  2T9. 

E  JMd..  vol.  ix.  (1S40),  p.  18. 
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be  above  Table*  The  thickness  which  produces 
lie  greatest  etfect,  however,  probably  varies  witb 
ifferent  sulistances  ;  and  it  is  therefore  necssary 
0  separate  this  etJeet  from  anything  merely  re- 
lilting  from  the  colour  of  the  heated  body. 
Professor  Powell,  after  an  elaborate  examination 
of  all  the  phenomena  attending  the  heat  received 
from  the  sun,  is  of  opinion  that  there  is  no  .simple 
'adiant  heat  received  liy  ns  from  the  sun's  rays  ; 
ind  that  the  simple  radiant  heat,  which  no  doubt 
initially  radiated  from  the  sun,  is  absorbed  by 
the  atmosphere  of  that  luminary,  some  email 
portion,  perhaps,  which  escapes  bein^  stopped  in 
the  higlier  i-egions  of  our  own  ntmosphere.f  The 
experiment  of  Sir  H.  Davy,  on  the  absorption 
and  radiation  of  solar  heat  by  ditterent  colours,  is 
therefore  not  applicable  to  the  case  of  simpU  heat, 
•or  such  heat  as  is  given  out  by  bodies  below 
luminoaity.  And  in  conformity  with  this  view  is 
(the  experiment  of  Schcele,  in  which  he  Ibnnd 
tiiat  if  two  thermometers  tilled  with  alcohol,  one 
Jed,  and  the  other  colourless,  were  exposed  to  the 
ion's  rays,  the  coloured  one  would  rise  in  tem- 
perature much  more  rapidly  than  tlie  other  ;  but  if 
hey  were  both  plunged  into  the  same  vessel  of  hot 
Water,  they  rose  equally  in  equal  times. 

{239.)  We  are  fully  justitied,  then  from  these 
ind  other  analogous  experiments,  in  drawing  the 
ouclcsion  that  the  radiation  of  simple  heat  is  not 
injluenced  by  the  colour  of  the  heated  body.  Any  dif- 
feence  which  appears  to  obtain  in  this  respect 
b,  therefore,  solely  referriljle  to  the  nature  of  the 
colouring  substance. 

(240.)  The  effect  of  roughness  of  the  surface 
waa  also  investigated  by  Sir  J.  Leslie  :  and  he 
found  that  either   tarnished  surfaces,  or  such  as 

•  Lealio.  On  Hcftt.  pp.  106—110. 

t  lieport  of  the  Brilisli  Sdenlijie  Asaocialion,  TOl,  i.,  p.  290. 
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are  roughened  by  emery,  by  the  file,  or  by  draii'iiig 
Btreaks  or  lines  with  a  graving  tool,  always  liad 
their  i)ower  of  radiation  coirsiderably  increased,* 
The  accuracy  of  this  deduction  bad  not  been 
questioned  until  some  recent  experiraents  of  M. 
Alelloni  ;  by  which  it  has  been  ascertained  that 
this  increased  eft'ect  fconi  roughened  surfaces  is 
not  a  general  law,  but  is  only  a  particular  result, 
for  which  another  exphmation  must  be  sought. 
M.  Mclloni  experimented  with  four  plates  of  silver, 
two  of  which,  when  cast,  were  left  in  their  natural 
state,  without  hammering,  and  the  other  two  were 
planished  to  a  high  degree  imder  the  hammer. 
All  the  plates  were  then  finely  polished  with  pum- 
ice-stone and  charcoal :  and  after  this  one  of  each 
of  the  pairs  of  plates  was  roughened  by  rubbing 
with  coarse  eraery  paper  in  one  direction.  The 
quantity  of  heat  radiated  froni  these  plates  was  as 
follows: — 


i  and  polished  plate  . 
aad  roiiglieaed  ,,    , 
Cast  and  polished  plate    , 
„    and  roughened  .,      .         .         , 

In  comparing  these  efiects,  it  appears  that  tbe 
hard  hammered  plate  increased  in  radiating  power 
four-fifths  by  roughening  its  surface  ;  while  the 
soft  cast  plate  lost  nearly  one-fifth  of  its  power  by 
the  same  process.  M,  Melloni,  therefore,  draws 
the  conclusion  that  the  roughness  of  the  surface 
merely  acts  by  altering  tbe  superficial  density,  aod 
that  this  will  vary  according  as  the  body  is  of  a 
greater  or  less  density  prenous  to  the  alteration  of 
its  surface  by  roughening.f 

•  Leslie.  On  Heat,  p.  81,  &o. 

t  MQlloni,  "On  Emissive  Power  of  Bodies,"  Ac,  Complfi 
Remi'i*  dt  VAeadimit  dts  Seienca,  and  Kdinbttrgh  I'ht" 


(341.)  It  was  dedooed  from  expenments  hy 
Leilie  that  Uie  oAtgrftm  power  of  bodks  for  heat 
WW  vajDeartypraportionfel  to  the  radiatm  {)over;* 
md  IV.  Hitdue  hat  sahetqaeotly  provBd  tint  tfane 
cCncto  are  eradsely  eqnal  to  each  otho-.f 

(S43.)  TW  ««tail7  with  whidi  heat  eot«s  into 
and  qoiu  any  bodj  is  svppoaed  to  be  equal,  tho^^ 
this  vdoeitjr  i*  diflbcnc  Bx  each  diffennt  bo^. 
Ob  liuc  praperty  o£  bodies  with  r^»rd  to  hnt, 
many  of  uk  exptiimenta  hBve  been  fonoded  which 
ooCHUtutc  the  laws  of  beat.  It  has  also  been 
wtfaWwhed,  fay  the  ocperiinenlaof  MM.  Mdloniand 
Nobili,  chat  At  raJmtimg  powmt  ef  aafacea^  /ar^ 
«a^  kemt,  art  im  At  mttnt  order  ^  tiuir  awhict- 
mg  pimtrm.  It  fcUows,  tfaerefiwe,  that  neither  the 
Tidiiitiiig  poweis  nor  the  oondiurtiiig  powers  of 
bodiea  wiU  Sacarer  their  actual  nte  of  cooling 
DompanidTCly  with  any  other  body. 

(X43.)  We  rn^t  be  led  to  amclade,  from  all 
that  precedes,  thtt  tboeetneiab  which  are  the  wont 
enodoetoea  woold  be  the  most  proper  lor  Teasels  or 
pqws  fix-  larfjatn^  heat;  becaiiae  m  find  that  the 
hat  loot  fcf-ocnlaet  cf  the  air  is  the  same  fiir  all 
bodies,  whik  those  whidi  radiiae  meat,  or  are  the 
wooc  oondocton,  ^tb  out  more  beat  in  the  same 
time  than  thoae  budka  which  radiate  Uaat,  or  are 
good  condoctoia.  Smh  would  be  the  ease  if  the 
Tcasds  were  m^mitdy  thin;  hot,  as  this  is  not 
poawble,  the  slow  eoadaciiae  power  of  the  metal 
oppOHes  an  iniupeiable  ohrtade  to  the  rapid 
eooiiE^  of  any  liqnid  eootaiaed  within  it,  by 
prcvcnimf  the  extenor  siuuik  from  reachi^^ 
n  b^  a  tempcntne  as  woold  thst  of  a 
BMcc  perfactfy  iMsidmtmg  omIbI,  nndrr  smmbt 
rin  iiiiiilsn<<i ;  thna  piKveBliw  the  lom  of  hesK, 
both  by  ooDtacS  of  the  lar  awl  fay  radiation,  the 

*  I^de.  Oa  BnC  4e.  fy.  IS— M. 

t    'ill      tliflkt  ft^l  fartiiri        nLT_m.liU. 
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effect  of  both  being  proportional  to  the  excess  of 
heat  of  the  exterior  surface  of  the  heated  body.  If 
a  leaden  vessel  were  infinitely  thin,  the  liquid  con- 
tained in  it  would  cool  sooner  than  in  a  Bimilar 
vessel  of  copper,  brass,  or  iron :  but  the  greater 
the  thickness  of  the  metal,  the  more  apparent 
becomes  the  deviation  from  this  rule  ;  and,  as  the 
vessels  for  containing  water  must  always  have 
some  considerable  thickness,  those  metals  which 
are  the  worst  conductors  will  oppose  the  greatest 
resistance  to  the  cooling  of  the  contained  liquid, 
although  apparently  in  opposition  to  the  result  of 
the  preceding  experiments. 

It  is  dithcult  on  these  grounds  to  account  for 
the  effect  which  lead-paint  has  in  preventing  the 
free  radiation  of  caloric  from  bodies  coated  with  it; 
because,  in  this  case,  the  lead  must  be  extremely 
thin,  and  ought,  therefore,  to  increase  the  amount 
of  radiation.  The  effect  probably  arises  from  the 
total  change  of  state  which  the  lead  undergoes  by 
its  chemical  combination  with  the  carbonic  acid,  in 
the  process  of  making  it  into  white  lead.  Practi- 
cally, it  is  found  to  have  an  injurious  tendency  on 
the  free  radiation  of  heat  from  moat  iiodies,  varying, 
however,  with  their  radiating  powers.  On  a  good 
radiator,  its  effects  is  the  most  injurious  ;  on  a  Itad 
one.  less  ao :  but  its  use  should  be  avoided  as  much 
as  possible  in  all  cases  where  the  free  radiation  of 
heat  is  the  object  in  view. 

(244.)  Various  experiments  have  been  made  by 
Kichnumn,  Ingenhausz.  and  Dr.  Ure,  to  ascertaiu 
the  conducting  power  of  metals.  Dr.  Ure's  results, 
which  differ  hut  httle  from  the  others,  place  the' 
metals  in  the  following  order  as  regards  their 
conducting  power  namely — silver  he  found  by  fer 
the  best  conductor  ;  nest  copper  ;  and  then  brass, 
tin,  and  wrorigiit  iron,  nearly  equal ;  then  cast  iron 
and  zinc;  and  lead  he  found  by  fur  the  worst  of  aU.* 
■  Ure's  Uioliouary  of  Chemistry,  Art,  ■'  Caloric." 
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(246.)  The  only  accurate  esperimeots,  however, 
irhich  have  been  made  on  this  subject  are  those 
Vy  M,  Despretz,*  which  give  the  ibllowing  re- 
nlts :— 


1 

T*BLE  IX, 

Lu  . 

.     lOO'O     1  Tin        . 

^tina    . 

98-10  1  Lead      . 

BUrer     . 

.       97-SO  1  Marble  . 

Copper   . 

.       89-82  '  Porcelain 

Iron        . 

.      37-43     Fire-brick      . 

^Sino 

.       S(J-30  i 

This  Table  gives  a  very  useful  practical  cnun- 
'latioQ  of  the  value  of  dift'erent  substances  as  con- 
puctora  of  heat.  But  to  ascertain  the  absolute 
iOnducting  power  of  the  various  substances  is 
extremely  difficult ;  the  preceding  Table  obviously 
only  shows  their  relative  conducting  powers.  Ex- 
periments, however,  have  I>een  made  on  the 
absolute  conducting  powers  of  some  substances, 
which  are  of  cousiderable  practical  value,  although 
tUey  leave  much  yet  to  be  desired. 

(  246.)    M,  Biot  ascertained  the  conducting  power 

of  a  bar  of  iron,  by  plunging  one  end  of  it  into  a 

bowl  of  mercury  heated  to  102^°  Centigrade  (216° 

Fahrenheit),    and   ranging    along    the   bar    eight 

thermometers  at  various  distances  from  each  other. 

The  observations  were  made  after  the  temperature 

>came  permanent  ;  the  air  durbig  the  experiment 

ks   16;^''   Centigrade  (61°  Fahrenheit),  and  the 

iBolts  were  as  follow : — 


[  •  Desptetz,  Traile de Phf/tique.p,  201 ;  and  QiiarUrly  Joiimal 
IfCMmM.Tol.  XXT.,  p.  220.  Professor  Daniell  (I'hemical  t'hiia- 
>Ay,  p.  107)  piacea  pUtina  macli  lower  in  tlie  acole  than 
i  Despretz.  namely,  38-1.  See  also  experiments  by  Calvert, 
otieidingi  of  lUxjal  Society,  vol.  m..  p.  170  (for  March,  1858), 
a  ynetelefa  Salural  PhiloKiphy  (by  Wallace),  p.  144. 
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No.  of 

from 
Mercnry. 

Excess  of 
Tempentnre 
Hboie  the  Air 

from 

Sxeeatt 

.^"SiS, 

DacimetreB. 

Ceutigrado. 

tiches. 

F»}iw*«t 

0 

0 

86-25' 

0 

166' 

1 

2-U5 

29-375 

8-326 

58 

2 

3-115 

17-5 

12-268 

3U 

S 

4-009 

11-25 

16-78S 

20 

i 

4970 

7-1875 

19-566 

13 

5 

6  002 

4-G875 

23'2S6 

S 

fi 

7-777 

2-1875 

80-618 

4 

7 

[1-671 

1-26 

88-074 

2 

8 

11-650 

Insenaible. 

45-495 

Ingsmible. 

In  this  Table,  tbe  first  column  gives  the  num- 
bers of  the  thermometers  in  their  regular  order ; 
the  second  column  gives  the  distance  of  each 
thermometer  from  the  source  of  heat,  viz.,  the  bowl 
of  mercury ;  and  the  third  column  gives  the  excess 
of  temperature  of  the  thermometers  above  that 
of  the  atmosphere,  measured  by  the  Centigrade 
scale.  The  fourth  and  fifth  columns  are  the  same 
as  the  second  and  third,  only  the  measures  are 
given  according  to  the  English  scales,  instead  of 
the  French. 

(247.)  A  similar  experiment,*  in  which  the 
source  of  heat  was  melted  lead,  is  given  in  tbe 
Table  XI.  The  temperature  of  the  air  was  18"125* 
Centigrade  (64^"  Fahrenheit),  and  that  of  the  iron 
bar  was  not  taken  until  it  had  l>een  exposed  to  the 
heat  of  the  lead  for  several  hours,  in  order  to 
ensure  permanence  of  temperature. 

*  For  these  experiments,  sea  Biot's  Traiu  He  I'hj/tique,  (om» 
iv.,  p.  070,  a  si-q.  Alao,  Uepons,  lirUuh  Settnli/ic  Mmeictiamt 
Tol.  X.  (1841),  p.  16,  el  $eq. 
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1 

1                                                      TlBLB   XI. 

1 

1                           Distance 

Excess  of 

Distance 

Excel*  of 

^B.    No.  of                frum 

^■t&eimometer.    Extremity, 

ibovelheAir 

Extremity, 

above  the  Air 

F 

'                     '  Deciiii(tt-E8. 

IncbeB. 

Kiihrenheit. 

1                2-280 

76-875° 

8-78 

188-87° 

2                3230 

■i7-187 

12-71 

84-98 

3                4-120 

29-375 

16-22 

52-87 

4         1       5-061 

17-612 

20-00 

3206 

5                6028 

10-625 

23-78 

1912 

«                7-899 

3  750 

3109 

6-75 

7                9-783 

1-662 

38-61 

2-78 

(248.)  A  third  experiment,  also  by  M.  Biot,  waa 

made  with  a  liar  of  copper,  plunged  at  one  extre- 

mity into  melted  lead.     It  had  fourteen  thermo- 

meters ranged  along  it,  of  which,  however,   only- 

eleven  were  available.     The  unit  of  distance  was 

101  millimeters,*  and  the  temperature  of  the  air 

was  Ib-li"  Centigrade  ( 60^°  Fahrenlieit), 

Tablk  xn. 

Distance 

EloesB  of 

DiBtAuce 

Excess  of 

Ncof 

from 

Temi>er«ture 

from 

TbermoniBtsr 

Eilremity, 

above  tbB  Air, 

Extremity, 

above  the  Air, 

Dccimelcn.. 

CcnriBrade. 

Ind.™.^' 

i 

5-25 

80-50' 

20-87 

141-9" 

5 

6-2fl 

65-75 

24-85 

118  8 

6 

7-26 

53-75 

28-82 

96-7 

7 

8-25 

43-76 

32-80 

78-7 

8 

925 

35-50 

36-77 

68  9 

9 

11-25 

24-00 

44-78 

43-2 

10 

18-26 

15-70 

62 -08 

282 

11 

15-26 

11-00 

60-63 

19-8 

12 

17-25 

7-50 

68-68 

135 

18 

19-25 

5-25 

7653 

9-4 

■    11 

21-25 

S75 

84-49 

6-7 

•  The  milliuieter  is  •08937  of  on  inch  EnBlish  measure, 

—  -luid  therefore  the  101  millimeters  are  equal  to  b-97687  itiches.                   M 
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(249.)  Some  experiments  by  M.  Dcspretz,* 
similar  to  the  preceding,  and  extending  also  to 
other  suljstances,  are  contained  in  the  following" 
Table.  In  these  experiments  the  distance  betweea 
each  of  the  consecutive  thermometers  was  10  cen- 
timeters (3'y37  inches  English),  and  the  tempera- 
turea  are  given  by  the  Centigrade  scale. 


Table  XHI. 

EMeaa  of 
•bove  the  Aif, 

(Co.  of  the  Thermametera. 

\1 

the  Air, 

Centtgnde. 

12        8        4 

6 

6 

Copper    .     . 
Iron    .     ,     . 
Pewter     .     . 
iSmo   .     .    . 
Lead  .     .     . 
Marble    .     . 

66-36  46-28  82-62  2432 
62-9  |3669  20-62:1232 
G3-4l'351T21-52 15-52 
64- 17  38-02  25-43 1798 
66-1829-42 1493;  9-99 
68-91   6-OSi  1-95   1-47 

IS  63 
819 

1618 
661 

17-08 
17-a4 
17-84 
5-68 

17-ia 

1715 

In  all  these  experiments  the  substances  were 
exposed  to  the  cooling  influence  of  the  air.  la 
Mr.  Kelland's  Report  on  the  Laws  of  Conduction  of 
Heat,  made  to  the  Britlah  Scientific  Association, 
(vol.  X.),  the  mathematical  formulre  of  MM. 
Fourier,  Libri,  Poisson,  and  others,  are  given  at 
considerable  length,  for  estimating  the  conducting 
powers  for  heat ;  but  they  are  not  suitable  for 
insertion  here. 

(250.)  Exjieriments  on  the  same  plan  as  the 
preceding  were  made  by  MM.  Delarive  and  Con- 
dolle  on  the  conducting  power  of  wood  :  the  re- 
Bults  are  given  in  the  following  Table.f  They 
show  the  difference  in  conducting  power,  accord- 

*  "'-'ilf  dc  I'hyni'jue,  par  M.  Desprets. 

I.  de  f 'Aimi.-,  vol,  xl,,  p.  81 ;  aud  Quarnrhj  .lounial  of 
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ing  to  the  direction  of  the  fihre.  The  bars  of 
wood  were  about  five  inches  long,  one  and  a  half 
inch  broad,  and  one  inch  thick.  The  first  ther- 
mometer was  three  centimeters  (one  and  one-eighth 
inch  English )  from  the  end  ;  and  the  others  were 
two  centimeters  ( three-quarters  of  an  inch  Enghsh) 
apart  from  each  other.  The  temperatures  given 
the  excess  above  tlic  atmosphere,  at  the  respec- 
'e  distances  fi-om  the  heated  end. 


Table  XIV. 


NameB  nf  th 

\Vnn,l.            1 

i 

'          1 

3 

4 

Q 

yr^innt  . 

(ai_^  flO-iB 

■130 

19-63 

9.19 

5-13 

Oak     .     . 

-I!d 

HI -7 

«-2 

17-5 

7-2 

3-7 

Fir      .     . 

H4-0 

89-26 

20-6 

8-5 

3-7 

Poplar     . 

[jS'^-S 

79-8 

34-2 

14-2 

6-2 

2-8 

WaLiut    . 

no-s 

37-43 

13-9 

C-0 

3-25 

Oak     .     . 

I'J^i   79-8 

22-75 

7-5 

3-6 

2-4 

Fir      .     . 

■   91°°   70-9 
1^    ^1  78-5 

13-8 

4-6 

2-5 

1-9 

Poplar     . 

13-76 

S'44 

1-56 

1-0 

(231.)  Fluids,  both  iu  the  liquid  and  airiform 

ate,  are  bad  conductors  of  heat,  unless  they  have 

irfect  freedom  of  motion,    in  which    case  they 

far    better    conductors    than    solids     on 

wunt  of  the  extreme  mobility  of  their  particles.* 

fater,  under  these  circumstances,  ia  a  far  better 

inductor  of  heat  than  any  of  the  metals  (except 

xjurj');  and  air,  particularly  when  charged  with 

poisture,  is  also  an  excellent  conductor,  under  like 


•  In  aeriform  fluids,  radiant  heat  is  transmitted  ivith 
extreme  rapidity  without  any  viaible  motion  of  the  particleB  ; 
^nl  titis  is  a  verj'  dilTereot  case  to  that  stated  in  the  text. 
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circumstances.    Count  Rumford  made  some  experi- 
ments to  ascertain  the  cooling  power  of  different 
fluids,  based  upon  the   principle    that   their  con- 
ducting power  and  absorbing  power   are  equal.* 
The  mode  of  operating  was  to  enclose  a  thermo- 
meter in  a  glass  balloon  filled  with  the  particular 
substance  of  which  the  conducting  power  was  to 
X  ascertained;    and  to   place  it  first  in  freezing 
water,  and  then  plunge  it  into  boiling  water.     The 
respective  times  required  to  raise  the  thermometer 
rora  0"  to  70°  Rt'auniur  were  supposed  to  indicate 
;he  conducting  powers  of  the  different  substances, 
and  would  therefore  be  their  cooling  powers  upon 
any  heated  body  placed  in  them.     The  following 
Table  shows  the  results  of  these  experiments,  the 
times  being  given  in  minutes  and  seconds. 

Table  XV. 

Snbiitftiices. 

Times  of  Cooling. 

llMio  of 

I'owarT^ 

Mercury 

Moiflt  Air 

Water 

Common  Air    ...     . 

Earefied  Air,  density  \  . 

Do.            do.     ,'i . 

Torrioellian  Vacuum  ■    . 

l'-51" 

r-sr 

T-36" 
T-ST 

r-61" 

10'' 53" 

loon 

830 
813 

80-41 
80-23 

78 
55 

^H                 These  esperimentfi,  however,  are  by  no  raenos 
^H            conclusive  ;  and  there  '\»  every  rensoii  to  liclievo 
^H            that,  by  varying  the  method  of  the  experiment, 
^H           a  vast  difference  would  be  found  In  the  results. 
^^m            The   glass    balloon    which    surrounded    the    ther- 
^^H            mometer  was  only  one  inch  and  a  half  diameter, 
^H            the  thermometer  itself  being  half  an  inch  diameter. 
^^^^_                       ■  Rnmford's  Eifay*,  vol.  ti.,  p.  i25. 
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H^ 

■       th( 

les 
th( 
ftir 
whi 
K thai 

I       thai 


This  space  was  far  too  small  to  allow  a  free  and 
rapid  motion  among  the  particles  of  the  various 

icdia   which    were    the   subject   of   experiment ; 

id  therefore  the  conducting  powers  of  the 
iqttids,  which  have  less  facility  of  motion  among 
their  particles  than  the  aeriform  fluids,  appear  far 
lees  than  they  really  are.  Dr.  Osborne  ascertained 
the  refrigerating  power  of  water  compared  with 
air  of  the  same  temperature  to  be  as  14  to  1,* 
while  Rumford's  experiments  show  it  to  be  less 
than  four  to  one;  but  there  is  reason  to  believe 
when  due  provision   is  made   for   allowing 

iriect  mobihty  among  the  pai'ticles  of  water,  the 
doling  power  of  water  will  be  very  much  greater 
than  the  amount  even  which  is  stated  by  Dr. 
Osborne  ;t  and  Leslie  states  that  water  at  the 
boiling-point  conducts  heat  five  times  inore  ra- 
pidly than  the  same  fluid  when  near  the  freezing- 
point.]; 

(252.)  The-  power  of  reflection  in  all  bodies  is 


p.  96. 


'   Rfporls  of  thf  British  Scieiilijic  Assiidat'ton,  vol.  i 


{1885), 
tbat 


■  Some  experiments  of  the  author  led  him  to  conclui 

e  conductiug  power  of  boiling  water,  compared  with  air,  was 

Tly  double  the  amount  stated  by  Dr.  Osborne;  and  these 

reed  so  well  with  the  eiperimenta  of  Mr.  Partes,  already 

il  (Art.  73,  note),  that  the  author  was  induced  to  adopt 

\6  proportioa  of  28  to  1  as  the  cooling  power  of  water  and  air, 

>a  extensive  and  peculiar  apparatus  which  required  the 

ing  powers  of  these  media  to  be  properly  adjusted.    The 

Mtilt  has  proved  that  the  cooling  power  of  water  is  fully 

lual  to  this  estimate ;  but  it  is  probable  that  the  relative 

mduatiog  power  varies  with  the  temperature  of  the  heated 

>dy.     For  sDless  tbe  temperature  be  sufficiently  high  to  give 

ee  motion  to  the  particles  of  water,  the  cooling  power  will  be 

idnoed  ;  while  the  same  difference  can  scarcely  occur  in  the 

■,  ia  consequence  of  the  extreme  mobihty  of  the  particles. 

e  diminished  adhesion  of  hquids  by  increased  temperature 

I    b^en    experimentally  determined    by    Dr.    Ure.      (See 

■:  iU.) 

:  Lialie.  Plcut  and  Moisture,  p.  17. 
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inversely  as  their  radiating  power,  as  was  ex- 
perimentally determined  by  Leslie.*  The  follow- 
ing Tal)le  shows  the  reflective  power  of  ditlcrent 
substances. 

Table  XVI. 


BraGB  . 

SOver  , 
Tiufoil. 
Block  Tin 
Steel    . 


.     100 
.       90 

Lead  . 
Tinfoil 

.    ■     .       S5 

.       80 

.         .         .       70 

cury 
Glass  . 
Glass  c 

lofteaedby  Mer- 


(252.)  The  specific  lieai  of  different  substances  is 
a  subject  of  considerable  importance,  as  connected 
mth  the  heating  of  buildings ;  for  on  the  theory 
of  specific  heat  is  based  many  of  the  calculations 
for  ascertaining  the  proportions  of  the  various 
apparatus  em])loyed. 

(254.)  Every  substance  contains  a  certain  dis- 
tinctive quantity  of  heat,  called  the  8j>ecific  heat  of 
that  particular  body,  which  can  l>e  ascertained  by 
mixing  together  (with  proper  precautions)  knowa 
quantities  of  different  substances.  Thus,  if  a  certain 
weight  of  quicksilver,  one  pound  for  instance,  of 
the  temperature  of  40",  be  mixed  mth  the  Bame 
weight  of  water,  of  the  temperature  of  156°  the  re- 
sulting temperature  will  be  152"3" ;  so  that  the 
water  will  lose  3'7°  of  temperature,  and  the  (|uick- 
silver  will  be  rmsed  1 1 2'3''.  Or,  if  a  poimd  of  water 
at  100°  be  mixed  with  a  pound  of  oil  at  50"  the  re- 
sulting temperature  will  be  83'5",  and  not  75°, 
which  would  l>e  the  mean  temperature  of  the  two. 
Thus  it  appears  that  the  same  quantity  of  heat  that 
will  raise  a  pound  of  water  1°  will  raise  the  tem- 
perature of  a  pound  of  oil  2",  or  a  pound  of  mercury 
23" ;  and  bo  of  other  substances,  which  all  possess 

*  Leslie,  On  Heat,  pp.  20  and  08. 
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%  capacity  for  caloric,  each  peculiar  to  itself.  The 
following  Table  shows  the  specific  heat  of  some  of 
the  principal  substances  which  have  been  ascertain- 
ed, chiefly  from  the  experiments  of  Berard  and  De- 
laroche,  and  Petit  and  Delong.  They  are  all  refer- 
red to  water,  as  the  standard,  and  are  supposed  to  be 
the  quantity  of  heat  contained  in  equal  weights  of 
the  several  substances.* 


r 

TiBLE 

xvn. 

TVftter      . 

.    1-0000 

Oxygen   . 

.     0-2361 

Aqneous  Vapour      .     0-8470 

Garlionic  Acid 

.     0-2210 

Alcohol  . 

.    0-7000 

Carbonic  Oside 

-     0-2884 

Ether     . 

.    O-6G00 

Charcoal. 

.     0-2631 

Oil. 

.     0-5200 

Sulphnr . 

.     O'lft50 

Air. 

.     0-2669 

Iron  (wrought) 

.     0-1100 

Hydrogen 

.     3-2936 

Mercury . 

.     0-0330 

Axoto     . 

,     0-2754 

Platinum 

.     0-0314 

Oude  of  Azote 

.     0-2869 

Gold        . 

.     0-02B8 

r(255.)  It  has,  however,  been  much  questioned 
vhether  the  several  substances  possess  the  same 
capacity  for  heat  at  all  temperatures  :  and  MM. 
Petit  and  Dtdong,  as  also  Dr.  Dalton.  ajijiear  to 
have  established  the  fact  that  the  capacity  for  heat 
of  every  substance  increases  with  the  temperature  ; 
or,  in  other  words,  that  the  quantity  of  heat  given 
out  by  any  body,  in  cooling  a  given  number  of 
jes,  is  greater  at  high  temperatures  than  at  low 
mperatures.     The   following  Table  exhibits  the 
_ecific  heat  of  several  bodies  between  the  tem- 
IperatureB  of  0°  and  100",  and  also  l>etween  0"  and 
|300"  of  Centigrade. 

"  A  furtlier  list  will  be  found  in  Table  V.,  Arpendis. 
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j:s«^ 

J^S-'SSi. 

C<»ti«r«i.. 

Iron  .... 

•loee 

■121B 

Hercnry 

■0880 

-0S60 

ZiDC. 

■0927 

■1015 

Aiitimoiiy 

■0507 

■0549 

Silver 

■0557 

-0611 

Copper 

•0SM9 

-1013 

PUtmum 

•0835 

■0365 

aiu8 

■1770 

•1900 

(256.)  But  independent  of  the  sensible  heat  of 
bodies  as  ascertained  by  direct  measurement,  when 
any  change  of  state  occurs,  as  from  the  solid  to  the 
liquid,  and  from  tlie  liquid  to  the  leriform,  or  vice 
verad,  certain  quantities  of  heat  enter  into  or  quit 
the  respective  substances,  which,  not  being  directly 
measurable  l)y  the  thermometer,  have  been  term^ 
latent  heat.  Ice  at  32°  requires  140"  of  heat  to 
enter  into  combination  with  it  before  it  assumes 
the  liquid  state  ;  and  it  then  becomes  water,  though 
still  only  at  the  temperature  of  32".  And  water  at 
212"  requires  lOUO"  degrees  of  heat  to  enter  into 
combination  with  it  before  it  assumes  the  state  of 
steam,  though  in  the  latter  state  it  still  only  shows 
a  thermometric  temperature  of  212°.  The  follow- 
ing Table  gives  the  quantity  of  heat  rendered  latent 
when  certain  solids  nssume  the  liquid  state  and 
certain  liquids  assume  the  state  of  vapours :  the 
degrees  are  those  of  Fahrenheit's  thermometer. 


;•  vTir  »x 


or  E£AT. 


TakliXTL 


TABLE  or 


OfLiqnidi:  bjDr.3 

rnnt-                  «Ti 

.p:.=,  .rz.z^ 

I'Wato    . 

1 

• 

.    140*    Tipcsrof 

Wmier  *:  ilf  \  ICtO" 

i  Snlphnr. 

.     143-7 

Aioobvl    .    4rr 

Bpennaoeti 

.     1«     i 

EiL«       .     312-9 

Lead      .        .        . 

.    162 

Oil  of  Jzrp.  l^'iy 

Bee8*-wax 

.    175 

yiuic  Acil    Z*^') 

Zinc 

.    498 

Ammonia .     r?0o-9 

Tin        .        .        . 

.     500 

Yinfrjar    .     9»:«3 

Birtmnih 

.     550 

Petroleum     1S3-8 

(257.)  Many  important  facts  arise  from  the 
theory  of  latent  heat.  One  of  the  most  important « 
in  regard  to  the  arts,  is  the  peculiar  properties  of 
steam.  But  without  entering  at  any  length  into 
this  important  and  extensive  subject,  it  may  be  ob- 
served that  experiments  have  clearly  proved  that 
at  all  temperatiu'es  and  pressures  steam  contains 
exactly  the  same  absolute  quantity  of  heat.  For 
while,  under  increased  pressure,  steam  can  be  made 
to  exhibit  almost  any  thermometric  temperature, 
the  latent  heat  of  high  pressure  steam  always  de- 
creases exactly  in  the  same  ratio  as  its  sensible  heat 
increases,  so  that  its  latent  and  sensible  heat  to- 
gether always  amount  to  1180**  above  the  freezing 
point  of  water.  Thus  a  certain  weight  of  steam  at 
212,  when  condensed  into  water  at  32**,  gives  out 


Sensible  Heat 
Latent  Heat 


180" 
1000 

1180 


♦  Dr.  Ure's  Dictionary  of  Chemistry,  Art.  «*  Caloric.'* 

s  2 


ON    THE    LAWS    AND 


And  the  same  weight  at  400°,  when  condensed  into 
water  at  32",  gives  out 

Sensible  Heat     .       .       .         868° 
Latent  Heat       ...        H12 


The  same  holds  good  with  steam  at  all  other  tern* 
peratures,  and  extends  from  212"  to  the  highest 
range  oi'  steam  pressures. 

(268.)  The  phenomena  of  spontaneous  evapor- 
ation presents  some  important  facts  comiected  with 
the  subjects  of  our  present  inquirj'.  To  Dr.  Dalton 
we  owe  much  of  the  knowledge  which  we  jiossess 
of  the  laws  that  govern  the  vaporization  of  liquids ; 
and  his  numerous  experiments  on  the  subject  rank 
among  the  most  valuable  contributions  to  scieiice. 
Evaporation  is  distinguished  from  ebullition  hy 
this  circumstance  ;— that  during  the  latter  pheno- 
menon, the  liquid  which  is  converted  into  vaireur 
maintains  an  invariable  temperature,  provided  the 
pressure  upon  it  do  not  change  ;  while,  with  the 
former,  the  temperature  is  constantly  subject  to 
change,  the  quantity  of  liquid  evaporated  being 
proportional  to  the  temperature  and  to  the  surface 
exposed.  Evaporation  is  wholly  independent  of 
the  pressure  of  the  air,  and  is  the  same  in  a  vacuum, 
in  the  natural  atmosphere,  or  in  a  condensed  me- 
dium :  but  this  is  only  true  as  regards  the  absolute 
quantity  which  can  exist  in  a  given  space,  for  the 
air  is  found  greatly  to  impede  evaporation,  by  its 
inertia  opposing  a  mechanical  obstruction,  and 
thereby  retarding  the  time  required  for  the  opera- 
tion, when  such  obstruction  does  exist.  In  a 
vacuum,  the  evaporation  is  almost  instantaneous  ; 
but,  in  a  space  containing  air,  the  time  required  for 
the  evaporation  of  the  maximum  quantity  of  vapour 
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is  longer  in  proportion  to  the  density  of  the  air, 
though  ultimately  the  quantity  is  the  same.* 

(259.)  The  quantity  of  liquid  discharged  into 
free    space  by  spontaneous  evaporation  ia,  under 
these  circumstances,  much  influenced  by  the  mo- 
tion of  the  air,  which  thus  carries  ofl"  the  succes- 
sive strata  of  vapour  that  rise  from  the  liquid,  a 
veiy  strong  wind   causing  about  twice  as  much 
vapour  to   be    discharged    as    a   still    atmosphere. 
Dr.  Dalton's  experiments  enable  us  to  estimate  the 
faporating   force   under  all    circumstances.      He 
ertained  tliat  from  a  circular  vessel  of  six  inches 
diameter,  kept  at  the  temperature  of  212°,  the 
LQtity  of  water  evaporated  was  120  grains  per 
mte  in  a  still  atmosphere,  154  grains  per  minute 
ith  gentle  motion  of  the  air,  and  189  grains  per 
■Ute  with  a  brisk  motion  of  the  air.     The  tem- 
'ature  of  the  air  does  not  influence  the  evapora- 
;  and  he  found  that,  at  any  other  temperature 
the    water,  the  evaporation  was   exactly  pro- 
|tortioual  to  the  Elastic  force  of  the  vapour  at  that 
temperature. 

The   following    Table  was  constructed   by  Dr. 
'ton  from  his  experiments: — 


•  Profeasot  Daniell  made  some  experiments  ou  this  subject, 
by  which  be  was  led  to  conclude  that  "  the  amount  of  evap- 
oration is  cii-iei-U  jjar-ibiis  in  exact  inverHe  proportion  to  tha 
elaBticity  of  the  incumbent  air."  (Qvarlerli/  Journal  of  Science, 
YOi.  ivii..  p.  52).  Thia  remarlc,  however,  applies  only  to  the 
rate  of  evaporation,  and  not  to  the  quantity  which  can  exist 
in  a  giTOD  space.  Even  from  ice,  the  evaporation  is  very 
considerable ;  and  some  experiments  of  M.  Schaebler  show, 
that  during  the  very  coldest  weather,  the  spontaneous  evapo- 
ration of  ice  in  the  open  air  is  sometimes  nearly  I-iOth  of 
an  inch  in  depth  &om  each  square  foot  of  surface  every 
.17-fBUi  houia. — Quarterly  Journal  of  Hcifice,  vol.  xxTii., 
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Table  XX. 


Bbowing  the  force  of  Vajiout  and  the  full  Evaporating  Force 
for  every  Temperature,  from  20"  to  212°  Fahreaheit, 
expressed  in  grains  of  water,  that  would  be  raised  ptr 
minvu,  from  a  reaael  six  inches  in  di&meter,  suppoeing 
there  were  no  vapour  already  in  the  atmusphere. 


11  • 

ono 

E^U^_ 

Fd™ 

ETSiKimllug  Vatea 

Vipotn 

Is 

em. 

OvDtM. 

Drirt. 

*■ 

Slill. 

OonU.. 

EMA 

20° 

129 

■52 

■67 

.g2 

68° 

■676 

270 

-^^ 

4-24 

22 

139 

■56 

■71 

70 

-721 

2-88 

370 

4-U 

at 

ISO 

■60 

77 

■94 

72 

770 

3-08 

3-90 

l-St 

26 

183 

•63 

■82 

1-02 

74 

'623 

3-20 

4-23 

fi-17 

28 

174 

■70 

■90 

I^IO 

76 

■880 

3-62 

4-62 

trta 

30 

186 

■74 

■95 

1-17 

78 

■040 

3^7S 

4-S3 

6^91 

32 

200 

■SO 

1-03 

\'26 

80 

rooo 

41)0 

6-14 

6-SB 

34 

2U 

■86 

1-33 

82 

1-07 

4-28 

6-50 

a-TS 

36 

299 

■92 

1-18 

1*5 

86 

ri7 

4'68 

6-07 

7>46 

38 

^!45 

■08 

1-26 

1^54 

90 

136 

B-« 

fi-sa 

8-5G 

40 

1!63 

105 

135 

1-65 

95 

168 

6  32 

an 

g^9fi 

12 

^3 

113 

145 

1'78 

100 

1-86 

741 ;     i>-54 

1171 

44 

■305 

1^ 

1-67 

1-93 

no 

253 

1012    12-08 

15  93 

46 

327 

131 

206 

120 

3-33 

13-32 

1709 

20-97 

48 

361 

140 

1^80 

220 

130 

434 

1736 

2227 

27-34 

GO 

375 

I-ffl) 

1^92 

2'36 

140 

574 

22  «6 

2948 

3S-1C 

62 

401 

1-TO 

2-0<i 

2-51 

ISO 

7^42 

2968 

38«B 

•te74 

S4 

429 

2-20 

2^69 

160 

9-46 

37  84 

4856 

s»-s» 

66 

438 

1'83 

2-35 

a-88 

170 

1213 

48-52 

03  26 

76-41 

58 

400 

196 

2-52 

3-08 

ISO 

15'I5 

fio-eo 

77 '77 

95^44 

80 

524 

210 

2-70 

330 

190 

1000 

76-00 

07-53 

1197 

82 

S60 

2^24 

2'88 

362 

200 

23  64 

04-56 

121  36 

I4S-9 

64 

597 

239 

3^07 

376 

210 

28-84 

115-36 

us-oi 

lai^a 

1    66 

635 

2-54 

3-27 

399 

212 

30- 

I20^     Jl54^ 

188- 

Id  this  Table,*  the  first  column  gives  the  tempe- 
rature of  the  water ;  the  second,  the  elastic  force 
of  the  vapour  at  that  temperature ;  and  the  third, 
fourth,  and  fifth  columns  show  the  number  of 
grains'  weiglit  of  water  evaporated  per  minute, 
fi:om  a  vessel  six  inches  diameter  (or  28"274  square 

•  See  Dr.  Dalton'e  experiments,  Momoin  of  th*  Mancfuflrr 
Philoiophical  ^ucr^hj,  vol.  V.,  p.  570,  fl  nty.  The  Table  giv«D 
by  Dr.  Dalton  only  extends  to  the  temperature  of  85' ;  tb« 
temperatures  above  that  are  calculated  from  his  data. 
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inches,  equal  to  "ISB  of  a  square  foot),  when  the 
air  is  still,  or  in  gentle  or  in  brisk  motion  re- 
epectively. 

(260.)  In  order  to  know  exactly  the  quantity 
of  vapour  that  will  be  evaporated  per  minute,  we 
must  know  the  quantity  which  already  exists  in 
the  atmosphere.  For  this  purpose  we  must  find 
the  dew-point  of  the  air, — that  is,  the  temperature 
at  which  the  vapour  in  the  air  just  begins  to  con- 
lense.f  By  referring  to  the  Table  we  shall  then 
■find  the  quantity  of  vapour  in  the  air  at  that  time; 
and  this,  deducted  from  the  quantity  shown  by  the 
Table  to  be  given  oft'  at  the  ascertained  tempera- 
ture of  the  evaporat'mg  liquid,  will  give  the  exact 
quantity  of  water  that  will  be  evaporated  per 
minute.  Thus,  suppose  the  dew-point  of  the  air 
to  be  48",  and  the  temperature  of  the  air  and  of 
the  evaporating  liquid  to  be  70",  with  a  still  atmo- 
sphere: the  vapour  in  the  air,  as  shown  l>y  the 
Table,  at  the  temperature  of  48°,  is  1'4  grains; 
(■which,  subtracted  from  that  at  70°,  viz.,  2'88  grains, 
ves  1*48  grains  per  minute  for  the  quantity  of 

apour  given  off  from  a  surface  of  six  inches 
;diaraeter. 

It  will  be  observed,  that  if  the  temperature  of 

le  air  be  lower  than  the  temperature  of  the  eva- 
■ating  fluid,  the  vapour  will  again    condense  ; 

»ut  the  rapidity  of  this  condensation  will  depend 
upon  the  relative  temperatures,  and  the  quantity 
of  moisture  contained  in  the  air. 

t  Dr.  Dalton  used  for  Ibis  purpose  a  very  thin  glass  Teseel, 
into  wliicb.  he  poured  cold  water,  aud  noted  the  temperature. 
If  the  vapour  was  Instantly  condensed,  he  poured  out  tliis 
ir&ter  and  applied  eome  &  tittle  warmer,  and  bo  on,  until  he 
obtained  the  proper  temperature  at  which  he  could  juEt 
pi^rceite  a  shght  dew  deposited  on  the  glass.  This  tern- 
..  IieratUTQ  then  was  the  dew-point.  DanieU's  HygTonieter  is 
■  a  much  more  elegant  instrument,  but  more  difficult  to 
See  DanieU's  "  Chemiatry,"  art.  '■  Hygrometer," 
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(261.)  The  heat  and  cold  caused  by  the  con- 
densation and  rare&ction  of  the  air  produce 
important  efFects,  both  in  natural  phenomena,  and 
in  the  mechanical  application  of  this  agent  in  the 
arts.  When  the  air  is  partially  exhausted  in  a 
receiver  enclosing  a  thermometer,  the  temjierature 
sinks  considerably;  but  if  the  air  be  again  suddenly 
admitted  to  the  original  pressure,  the  temperature 
rises  considerably  higher  than  in  the  first  instance. 
The  reverse  of  this  occurs  when  the  air  is  first 
condensed,  and  then  allowed  to  resume  the  original 
pressure ;  in  which  case  the  temperature  sinks 
considerably  lower  on  the  original  pressure  being 
restored,  than  the  thermometer  indicated  before  the 
condensation.* 

This  result,  however,  appears  to  be  produced 
by  an  unavoidable  imperfection  in  the  experiment. 
For  the  vessel  that  contains  the  air  communicates 
its  heat  in  the  one  case,  and  abstracts  it  in  the 
other,  which  causes  the  apparent  difference  ;  and 
this  difference  is  therefore  dependent  upon  the 
rapidity  of  the  oi^eration,  thereby  allowing  more 
or  less  time  for  the  interchange  of  heat  between 
the  air  and  the  vessel  containing  it. 

In  Dr.  Dalton's  experiment8,f  the  thermometer 
whicli  sank  '2°  on  rarefying  the  air  rose  4"  on  again 
allowing  it  suddenly  to  resume  its  original  pressure. 
When  the  air  was  first  condensed  and  then  sud- 
denly allowed  to  resume  its  original  pressure,  the 
thermometer  rose  2°  on  the  condensation,  and  then 
sank  3^°  on  diminishing  the  pressure  suddenly  to 
its  original  amount.  These  inequalities,  however, 
although  an  accompaniment  of  the  experiment, 
are  not  due  to  the  mechanical  expanaion  or  con- 
densation of  the  air  ;    and  the  results  will  vajy 

•  Mancfietter  Memoirs,  toL  t.,  p.  516;  anil  Xichol^n'i 
Journal,  vol.  iii.,  p.  160, 
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ilth   every    alteration   in    the    condition    of    the 

ntaining  vessel,  and  of  the  quantity  of  air. 

(262.)  Professor  Leslie  investigated  this  subject, 

both    experimentally    and    theoretically,    and    he 

found    that    the   quantity  of   heat  evolved  under 

these  circumstances  was  very  great ;  but  as  the 

Bpedfic  heat    of   air   increases    as  its  density  di- 

"  lishes,  only  a  small  portion  of  the  heat  thus 

duced  Ijecomes  appreciable.     When  air  of  the 

Ilowing  densities  is  restored  to  its  original  pres- 

ire,    represented    by    1,    the    heat    evolved  is  as 

Mlows ; — 


o^^t^ 

Heat  Evolved 
(Fahrenlieil.) 

DeUBitT  ot  the 
Air. 

Heat  Evolved 
fftthreiihail). 

1-0 
0-6 

0° 
20-6 
48- 

0-4 
0-2 
0-0008 

US' 
216- 
13500- 

|i  This  evolution  of  heat  he  considered  to  ^ie  owing 

to  the  diminution  of  the  specific  heat  of  the  air  by 
condensation.  When  air  was  condensed  so  as  to 
double  its  density,  the  mathematical  formula 
which  he  constructed  from  his  experiments  showed 
that  the  sensible  heat  which  would  be  evolved 
would  be  equal  to  67-5"  Fahrenheit.* 

(263.)  Mr.  Ivory  also  investigated  the  mathe- 
matical law  of  the  heat  produced  under  these 
drcumstances ;  f  and  he  found  '"  that  the  heat 
extriciited  from  air,  when  it  undergoes  a  given 
condensation,  is  equal  to  three  -  eighths  of  the 
diminution  of  temperature  required  to  produce  the 

I  •  Dr.  ThomBOn  "  On  Heat  and  Electricity,"  p.  126,  /t  seq. 
W^  PhUomphieal  Mar/azine  (Second  Series),  vol.  i.,  p.  89;  and 
wrterl}/  .Journal  of  Seititee,  vol.  xsiii.,  p.  228. 
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same  condensation,  the  pressure  being  constant." 
Air,  under  a  constant  {jresaurc,  diminishes  l-480th 
of  its  volume  for  every  degree  of  depression  of 
Fahrenheit's  scale  ;  and  therefore  1°  of  heat  will  be 
extricated  from  air  when  it  undergoes  a  condensa- 
tion equal  to  «  x  g  =  ,Jg,  If  a  mass  of  air  were 
Buddenly  reduced  to  half  its  bulk,  the  heat  evolved 
would  be  4^180=^0".*  M,  Despretz  made  some 
experiments  to  ascertain  whether  water  evolved  heat 
when  subjected  to  great  pressure;  and  he  found  that 
a  compressive  force  equal  to  20  atmospheres,  caused 
the  disengagement  of  only  one  sixty-sixth  part  of 
a  degree  of  heat.f  This  result  might  reasonably 
be  expected  from  the  small  degree  of  compression 
to  which  water  can  be  subjected. 

(264.)  Dr.  Ure  instituted  some  experiments  to 
ascertain  the  influence  which  heat  had  in  increas- 
ing the  fluency  of  various  liquids  ;  and  he  found 
in  all  cases  a  great  increase  in  the  velocity  of 
their  efflux  through  a  given  aperture,  by  raising 
their  temperature.  In  some  liquids  of  a  viscid 
nature,  the  increase  appears  to  be  very  great. 
Such,  for  instance,  is  the  case  with  some  kinds  of 
oil,  which,  by  raising  the  temperature  from  65° 
to  254",  had  the  velocity  of  efflux  increased 
nearly  six  times,  Witli  those  which  were  less 
viscid,  the  increase  was  less.  Water,  by  having 
its  temperature  raised  from  60°  to  164",  had  its 
velocity  increased  about  one-sixth. J  These  re- 
sults are  wholly  independent  of  any  effect  from 
alterations  of  pressure,  but  appear  to  arise  from 
the  particles  of  the  fluids  possessing  less  adhe- 
siveness among  themselves  by  the  increa.sed  tem- 
perature. 

•  ii>id. 

■f  (,iuarUrly  Journal  of  Heiener,  voL  ssiv.,  p.  20. 
J  litporii  o/  ih4  BritUh  Seieitlijie  Attoeiation,  vol.  viU.,  p.  28. 
(SeetUo  Art.  251.) 
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.)  The  effects  of  heat  in  producing  varia- 
a  the  strength  of  materials  is  a  subject 
which  has  received  but  little  attention  ;  and  with 
the  exception  of  some  experiments  made  by  the 
_Fraiiklin  Instituteof  Pennsylvania,  on  the  strength 
"  iron  and  copper,  little  appears  to  be  known. 
By  these  experiments  *  the  maximum  strength  of 
■oug'ht  iron,  estimated  by  its  resistance  to  a 
mgitiidinal  strain,  was  obtained  by  heating  the 
to  572"  Fahrenheit ;  at  which  temperature 
the  strength  is  15-17  per  cent,  greater  than  at  the 
OTdinary  mean  temperature  of  the  air.  The  rule 
deduced  for  the  strength  uf  iron  at  high  tempera- 
tures is,  that  "the  thirteenth  power  of  the  tem- 
perature above  80°  Fahrenheit  is  proportionate  to 
the  fifth  power  of  the  diminution  from  the  maxi- 
mum tenacity."  And  it  appears  that,  at  the  tem- 
perature of  about  lOrjO",  iron  loses  about  one-half 
of  its  maximum  strength  ;  at  1240"  it  loses  about 
twO'thirds  ;  and  at  1317"  seven-tenths  of  its  maxi- 
mum tenacity  is  overcome. 

The  follomng  Table  shows  the  diminution  of 
l^tenacity  at  various  temperatures.  The  maximum 
^■fcenacity  of  the  fourth  column  is  a  calculated 
^Hmomit,  obtained  by  adding  1517  per  cent,  to 
^Hie  strength  of  the  metal  when  tried  cold.  The 
'  seventh  colmnm  shows  that  the  mean  irregularity 
of  structure  is  10  per  cent,  of  the  strength  when 
ried  cold. 


"  Beport  OD  the  Explosion  of  Steam  Boilers,  bj  a  Gom- 
bittee  of  the  lusUtnte;"  Journal  of  the  Franklin  Inttitnte, 
n>U.  xix.  and  xx. 
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i 

1 

■s 

-bl 

■3    , 

.3 

^ij 

■5 

1 
& 

pi 

:|3 

11 
1*" 

III 
.  li 

a 

1 

620° 

68461 

63267 

experiment. 

■0761 

-0992 

2 

670 

60398 

66146 

•0869 

■1125 

8 

596 

57682 

63S86  1  oalculation. 

■0899 

-2401 

4 

600 

56938 

63086             — 

■0964 

■2401 

6 

630 

60010 

67033    experimeut. 

•1047 

■1440 

6 

662 

68182 

65786  '          — 

■1155 

■0644 

7 

722 

64442 

64483  1  caloulation. 

■1436 

-0507 

8 

732 

53878 

62786  1  experiment. 

■1491 

■1310 

g 

734 

57903 

68407  1  calculation. 

■1535 

■0644 

10 

706 

54819 

66176     experiment. 

■1689 

■1563 

11 

770 

54781 

65446 

calculation. 

•1627 

•0234 

12 

824 

65892 

70080 

■2010 

■0413 

18 

932 

45531 

68202 

. 

■3324 

•0413 

14 

947 

42401 

G6198 

experiment. 

■3593 

■0446 

16 

1030 

37587 

68071 

caJculation. 

•4478 

•0460 

16 

1111 

27603 

61531 

■5514 

■0380 

17 

1155 

21967 

64992 

_ 

•6000 

-0330 

18 

1159 

26020 

64234 



■6011 

-1102 

19 

1187 

21913 

60102 



■6352 

■0330 

20 

1237 

21298 

68065 



■6622 

•1147 

21 

1245 

20703 

63065 



■6716 

■0847 

22 

1317 

18913 

63065 

- 

■7001 

•1147 
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(266.)  In  the  experiments  made  with  copper,  at 
varioUB  temperatures,  the  Committee  found  that 
unlike  iron,  the  maximum  strength  of  coi)per  was 
at  a  very  low  temperature  ;  and  that  it  increased 
in  strength  at  every  reduction  of  temperature 
down  to  32",  which  was  the  lowest  at  which  they 
could  try  it.  The  mean  strength  of  copper  at 
ordinary  temperatures  was  found  to  be  32,146  lbs, 
per  square  inch  ;  and  the  following  Table  exhibits 
the  diminution  of  strength  at  high  temperatures. 
To  obtain  the  actual  temperature  of  each  experi- 
ment, 32°,  must  be  added  to  the  temjieratures 
given  in  the  second  column. 

■  Tadle  XXIU. 


Namber  ol  tbe 

Temperatura  Bbovo  32° 

Experiment. 

Fsbreniieit. 

Strength  at  82". 

1 

90° 

•0175 

2 

180' 

•0540 

S 

■170" 

'0926 

4 

360= 

•1513 

5 

450" 

■2046 

6 

4(i0° 

■2133 

7 

513° 

■2446 

8 

529° 

•2558 

9 

060^ 

-3425 

10 

769° 

■4398 

11 

812' 

■4944 

12 

880" 

•E581 

f          33 

984° 

■6091 

1     " 

1000° 

•6741 

(267.)  The  Ktrength  of  cast  iron  at  high  tempe- 
ratures has  not  been  ascertained  with  the  same 
accuracy.  It  has,  however,  been  estimated  that  its 
maximum  strength  is  at  the  teraiwrature  of  about 
300"  Fahrenheit,  which  is  considerably  below  that 
_of  wrought  iron. 
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(268.)  The  effects  of  heat,  which  have  here 
been  mentioned,  are  a  few  of  the  laws  and  pheno- 
mena of  this  important  branch  of  science.  They 
appear  to  be  those  which  are  most  closely  connected 
with  the  subject  of  the  present  inquiry :  but  it  must 
not  be  supposed  that  they  are  given  as  an  epitome 
of  the  general  laws  of  heat,  as  the  subject  would 
be  far  too  extensive  for  the  present  work.  Many 
most  important  and  interesting  phenomena  have 
therefore  been  entirely  omitted  ;  but  those  which 
are  here  mentioned,  and  others  that  are  alluded  to 
and  interspersed  in  various  parts  of  this  treatise, 
appear  to  be  all  that  are  requsite  for  the  illustration 
of  the  subject  now  before  us,  and  will  afford  useful 
suggestions  to  those  who  wish  to  investigate  the 
principles  of  heating  buildings  theoretically  and 
scientifically,  as  well  as  to  learn  the  mere  practical 
details. 
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(269).  From  what  has  been  stated  in  the  pre- 
iding  chapter,  it  is  evident  that  the  velocity 
*with  which  a  heated  body  cools  depends  upon 
various  circumstances  ;  and  es|)eriments  are  ne- 
cessary, in  order  to  obtain  data  for  the  calcula- 
tions which  the  known  laws  of  heat  enable  us 
afterwards  to  apply  to  the  subject  now  under 
investigation. 

No  experiments  on  cooling  are  extant,  that 
Ppcar  to  be  suitaljle  to  the  present  purpose, 
icept  some  that  were  made  by  Tredgold,*  and 
bese  are  erroneous  in  the  itpplication  he  has 
pade  of  them.  For  he  has  neglected  all  con- 
iderations  of  the  thickness  of  the  body  on  which 
he  exjierimented,  and  has  therefore  estimated 
"Jiat  the  rate  of  cooling  of  a  very  thin  sheet-iron 
PPessel,  containing  a  heated  fluid,  is  the  same  only 
*  as  a  cast-iron  pipe,  though  the  latter  is  fully  six 
or  eight  times  the  thickness  of  the  former.  The 
eamc  error  also  occurs  in  his  exjieriments  on  the 
■;«ooling  of  glass  ;  and,  consequently,  his  conclu- 
sions on  the  dispersion  of  heat,  as  applietl  to  the 
fanning  of  buildings,  are  erroneous  to  a  con- 
nderabte  extent.  Another  source  of  error  lies  in 
lus  having  estimated  the  quantity  of  water  which 

'  Tredgold  "  On  Heating  Baildings  hj  Steam,"  liC. 
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the  vessel  contained  at  rather  to' 
in  allowing  for  the  specific  he? 
which  latter  could  not  possibly  h^ 
same  tem|)erature  as  the  water,  A 
imperfect  conditction,  and  to  the  >* 
to  which  it  was  exposed.  The  - 
these  errors  is  to  make  the  rate  of  ( 
more  rapid  than  the  true  velocity 
is,  that  in  some  of  the  calculations  f 
experiments  the  errors  amount  to . 
per  cent. 

(270,)  To  ascertain  the  velocity 
surface  of  cast  iron,  a  pijie  thirty  in_ 
.nches  and  a  half  diameter  intemiJ 
nehes  diameter  externally,  was  used 
,ng  exjieriments.    The  ends  of  the  pi 
by  corks  which  entered  into  the  pipe 
a  half  at  each  end  ;  and  the  bulb  of  i 
was  inserted  into  the  water  about  thre 
one  end,  the  temperature  of  the  wai 
same  in  every  part  of  the  j)ipe.     The 
face  of  the  pipe  (including  the  surface 
the  thickness  of  the  metal  at  the  ends) 
square  inches.     The  quantity  of  water  . 
it  was  132"534  cubic  inches  ;  and  the  e 
be  added  to  tliis  for  the  specific  heat  o^- 
39"341  cubic  inches  ;  making  the  estiU: 
tity  of  water  171-875  cubic  inches.*     T^ 
cooling  were  tried  with  different  states 
face:  first,  when  it  was  in  the  usual  state  (  ~ 
pipes  covered  with  the  Ijrown  surface  of 
of  iron  ;  next,  it  was  varnished  black:  to. 


■  In  estlmatiag  the  equivalent;  of  water  whiob  V 
to  repiesent  the  specific  heat  of  the  pipe,  thedi 
t'ween  the  external  and  iuternal  temperatures  nee 
qniretl  an  allowaace  to  be  made  on  account  of  the  V 
the  pipe  heiug  considerable.  This  diminuliou  of 
wftB  aatimated  to  be  eqaal  to  a  snperfioes  ol  ' 
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the  varnish  was  scraped  off,  and  the  pipe  was 
painted  white  with  two  coats  of  lead  paint.  The 
JbllowiDg  Table  shows  the  observed  time  of  cooling, 
corrected  and  reduced  to  the  some  excess  of  tem- 
perature above  the  circumambient  air. 

Table  XXIV. 


Temperature  of  Boom,  67".    Maximam  TemperaturB  of 
Thermometer,  152". 


Black  Vanished 
Surface. 

White  Surface. 

■„ 

»     "£? 

Ctlai- 
UUd 

"?r^ 

luted 

nma. 

Ctlm.- 
TUni. 

162- 

ica 

162 
152 
152 
162 

160°     2'  80" 
148       S    0 
148       7  45 
144     10  15 
142    !l2  45 
140    :i6    0 

2'  2r 

4  44 
7  12 
9  44 
12  15 
16     0 

2'  16" 
■1  38 
7  28 
Q  45 
12     2 
14  32 

2'  16" 

4  36 
7     3 

9  27 
11  54 
H  33 

2'  19" 
4  53 
7  28 
10  13 
12  57 
15  22 

2-  24" 
4  51 
7  22 
9  67 
12  86 
15  22 

The  ratios  of   f'BIack  YaraiBhed  Surface  .     .     .  1-21 

Cooling  1"  ftro  -^  Iron  Surface 1-25 

therefore,       (^Vliite  Painted  Surface      .     .     .  1.2S* 

These  ratios  are  in  the  proportion  of  100,  103'3, 

and   105*7 ;  but  as  the  relative   heating  cft'ect  h 

\  the  inverse  of  the  time  of  cooling,  we  shall  find 

that  100  feet  of  varnished  pipe,  103^  feet  of  plain 

sixteenth  of  an  inch  thick.  The  total  equivalent  of  water 
wliioh  would  represent  the  Bpeciflo  heat  of  the  pipe,  supposing 
it  to  be  exactly  of  the  aame  temperature  as  the  water  con- 
tained in  it,  would  be  52*455  cubic  inches ;  from  thia  must  be 
deducted  13114  cubic  inches  as  above  stated,  leaving  the 
ei^aivalent  specific  heat  of  the  pipe  equal  to  39-341  cubic 
iaohes  of  water,  as  stated  in  the  text. 

•  These  ratios  of  oooUng,  it  will  be  obseryed,  are  for  pipes 
of  throe  inches  in  diameter ;  but  the  cooling  of  any  other  sise 
flan  be  ealoolated  ham  the  data  here  given. 
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iron  pipe,  or  105|  feet  of  iron  pipe  painted  white 
will  each  produce  an  equal  effect. 

In  these  experiments,  it  might  have  been  expec- 
ted to  find  greater  differencea  between  the  etfects 
of  the  various  states  of  the  surface,  than  appears 
really  to  obtain.  The  greatest  difference  only 
amounts  to  about  5£  per  cent,,  but  it  would  prob- 
ably be  greater  in  proportion,  with  an  increased 
thickness  of  the  coating  of  paint. 

(271.)  To  ascertain  the  effect  of  glass  windows 
in  cooUng  the  air  of  a  room,  the  following  experi- 
ments were  made,  with  a  vessel  as  nearly  as  possible 
of  the  same  thickness  as  ordinary  ivindowglasB, 
The  temperature  of  the  room,  in  these  experiments, 
was  65°  ;  the  thickness  of  the  glass  was  "0825  of 
an  inch  ;  the  surface  of  the  vessel  measured  34'29fi 
square  inches,  and  it  contained  9794  cubic  inches 
of  water,  inchiding  the  equivalent  for  the  sjrecific 
heat  of  the  glass.  The  time  in  which  this  vessel 
cooled,  when  fiUed  with  hot  water,  is  shown  as 
follows : — 

Table  XXV. 

TASLK  OF  TBE  OOOLQia  OF  GLASS. 


ObaeiTed 

Time 
of  Cooling. 

Time 
of  Cooling. 

^-3%?- 

trota 

to 

ObBored  Time 
of  Cotiltiig.      1 

1 

150^ 
160 
160 
ISO 

140° 
130 
120 
110 

6'    40" 
14     16 
28     80 
Si       0 

6'    64" 
14     48 
28     40 
84       0 

,  1176°  i)er  ml- 

nDte,  at  un  ex- 

eesaofS5°    i 

above  the 

Temperature  ' 

of  the  air.    j 

From  the  average  rate  of  cooling  whicli  is  here 
^ven,  the  eftect  of  glass  in  cooling  the  air  of  a  room 
may  easily  be  calculated.    As  the  epecific  heat  of 
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equal  volumes  of  air  and  water*  is  as  one  to  2,990, 
the  above  average  will  show  that  each  square  foot 
of  glass  will  cool  1'279  cubic  feet  of  air  1°  per 
minute,  when  the  temperature  of  the  glass  is  1° 
above  that  of  the  external  air. 

But  by  this  we  shall  only  tind  the  effect  of  glass 
in  a  still  atmosphere ;  and  therefore,  to  ascertain 
the  cooling  effect  of  external  windows,  when  ex- 
posed to  the  action  of  winds,  farther  experiments 
are  necessary.f 

(272.)  In  some  researches  of  Leslie's,  on  the 
cooling  power  of  wind,  he  used  a  bright  metallic 
ball  filled  with  hot-water,  and  noted  the  time  of 
cooling  when  it  was  exposed  to  wind  at  different 
velocities.  Tlie  result  he  obtained  was.  that  the 
cooling  effect  on  the  ball  was  very  nearly  in  a 
direct  ratio  with  the  velocity,  liut  it  will  be 
obvious,  by  referring  to  the  experiments  of  Petit 
and  Dulong.  in  the  preceding  chapter,  that  the 
relative  cooling  of  heated  bodies,  when  exposed  to 
air  moving  at  different  velocities,  must  depend 
upon  the  nature  of  the  surfaces.  For,  while  the 
quantity  of  heat  which  is  abducted  by  the  air  is 
proportional  to  the  number  of  particles  of  air 
which  pass  over  the  heated  body  in  a  given  time, 
the  heat  that  is  lost  by  radiation  is  not  only  inde- 

ttident  of  this  effect,  but  the  relative  proportion 

»  Bee  Art.  'J7. 

J+  In  8ome  experiments  by  Wymftn.onthe  cooling  in  flu  en  oe 
Vglass  windowe,  he  obtained  the  following  reaulte,  in  a  room 
Kli930  cubic  feet,  and  having  331  equure  feet  of  walls,  and 
6"21  eqnare  feet  of  windows.  The  room  was  allowed  to  cool 
noat  10°,  first  with  the  windows  uncovered,  and  then  with 
the  windows  covered  with  double  blankets.  The  average  of 
the  experiments  ^ave — 
Koom  cooled  0-150°  per  minute,  with  wiudows  uncovered; 
„  O'lOG"  per  minute,  with  windows  covered; 
3  minutes,  with  windows  uncovered,  and  1°  in  9-4 
bates  with  the  windows  covered. — Wymau  "  On  Ventila- 
BoHton,  1846. 

T    2 
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of  heat  lost  by  radiation  rliffers  for  each  particular 
substance.  As  the  bright  metal  ball  that  Leslie 
employed  in  his  experiments  would  lose  only  an 
extremely  small  proportion  of  its  heat  by  radia- 
tion, it  might  naturally  be  concluded  that  the 
rate  of  cooling  would  be  nearly  in  a  direct  ratio 
with  the  velocity  of  the  air.  But  with  a  surfece 
of  glass,  the  result  must  be  very  different,  because 
the  radiation  is  then  very  considerable  ;  and. 
therefoi-e,  the  total  cooling  will  be  much  slower 
than  the  simple  ratio  of  the  velocity.  For  while 
a  surface  of  glass  of  the  temperature  of  120°,  and 
at  an  excess  of  52"  above  the  surrounding  medium, 
loses  about  two-thirds  of  its  heat  by  radiation,  a 
bright  metallic  surlace  of  the  same  tempei-ature 
will  only  lose  one-eleventh  part  of  its  heat  by  the 
same  cause. 

(273.)  In  the  following  experiments  it  appears 
that  the  cooling  effect  of  wind,  at  different  veloci- 
ties, on  a  thin  surface  of  glass,  is  very  nearly  as  the 
square  root  of  the  velocity.  In  these  experiments, 
the  velocity  of  the  air  was  measured  by  the  revolu- 
tion of  the  vanes  of  a  fan  ;  the  temperature  of  the 
air  was  68°  ;  the  time  required  to  cool  the  ther- 
mometer 20°  was  noted  for  every  different  velocity, 
and  the  maximum  temperature  of  the  thermome- 
ter, in  each  experiment,  was  120".  In  still  air  it 
required  5'  45"  to  cool  the  thermometer  this  extent 
of  20  degrees  ;  and  the  annexed  Table  shows  the 
time  of  cooling  by  air  in  motion. 
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Table  XXVT. 
tablb  of  tbs  ooolino  op  ql. 


Timei  of  Gaoling  the  Tlianaoiiieter  20". 

Valoeity 

From  laO''  to  100°  o(  Fiihranheit. 

8'26 

ObMrwd 

Time 
of  Cooling. 

Time 
reduoed  ki 
Deoimiils  of 
u.  Minute. 

Calculated  Time;  beine 
the  lavetsB  of  tbe 
Square  Boot  of  (ho 

Velocitiesi  in  DeoinuJ* 
of  B  Minnte. 

2-85" 

2-68 

2-5H 

BIS 

2  10 

2-lC 

204 

B'54 

1  66 

1-91 

1-82 

8-86 

1  40 

1-06 

1-66 

10-90 

1  30 

1-50 

1-41 

18-36 

1  15 

1-25 

1-27 

17-97 

1     5 

1-08 

1-10 

20-45 

1     0 

1-0 

1-08 

24-64 

0  55 

•01 

-94 

27-27 

0  4S 

■81 

-88 

(274.)  In  consequence  of  the  large  quantity  of 
'     glass  in  buildings  used  for  horticultural  purposes, 
the  cooling  etf'ect  of  wind  is  of  considerable  im- 
portance.    We    see,    however,    that   with    an   In- 
creased velocity  the  cooling  eft'ect  is  considerably 
less,  in  proportion,  on  glass  than  on  metal.     And 
it  will  be  very  much  less  on  window-glass  than 
even  what  is  here  stated :  for,  as  glass  is  an  ex- 
tremely bad  conductor  of  heat,  the  increased  thick- 
^nCBs  which  window-glass  possesses  over  that  which 
^■Bomposes  tbe  bulb  of  a  thermometer,  will  make 
^Bl  material  dllfcrence  in  the  quantity  of  heat  that 
^Eb  lost  by  the  abduction  of  the  air,  as  there  will 
''     be,  in  this  case,  a  greater  difference  between  the 
temperature  of  the  external  and  the  internal  8ur- 
:.     The  cooling  effect  of  wind  is  therefore  not 
r  so  considerable  on  glass  as  is  generally  sup- 
wd  ;   and  it  will  probably    be   nearly  one-half 
1  window-glass  than  what  is  shown  by  t' 


278 


EXPERIMENTS    ON    COOLING. 


preceding  experiments.  Exact  experiments  on 
this  subject,  however,  are  extremely  difficult, 
owing  to  the  unequal  actiou  of  the  air  on  different 
parts  of  the  surface.  Thus,  if  a  cylindrical  or 
spherical  vessel  be  emjjloyed,  the  action  of  the 
wind  will  be  such  that  the  particles  of  air  striking 
the  surface  in  front  wilt  cause  a  vacuum  at  the 
back  part  of  the  vessel,  from  which  latter  part  the 
heat  will  be  given  off  by  radiation  alone.  It  thus 
becomeB  impossible  to  ascertain  accurately  what 
would  be  the  effect,  if  the  whole  of  the  surface 
could  be  acted  upon  by  the  wind ;  and  the  same 
remark  will  apply  to  most  other  forma  of  surface 
which  could  be  employed  experimentally. 

(275.)  The  following  Table  shows  the  results  of 
Tredgold's  experiments  on  cooling,  already  referred 
to.  They  are  here  given,  principally,  to  show  the 
cooling  power  which  thin  sheet-iron  will  have  in 
any  building  in  which  it  ia  used ;  and  they  may 
therefore  be  useful  now  that  corrugated  iron  is  so 
frequently  employed  in  many  descriptions  of  biuld* 
ings.  In  these  experiments  the  specific  heat  of  the 
vessels  was  added  to  the  quantity  of  water  they  con- 
tained. The  vessels  were  always  cooled  from  180° 
down  to  150°  of  Fahrenheit;  the  time  required  for 
this  cooling,  and  the  other  particulars  of  the  experi- 
ments, being  noted  in  the  table. 
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1 
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P 

111 

1 

111 

1^ 

ll 

¥ 
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Tinned  Plate . 

79 

62 -28 

SSi' 

46 

i24r 
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Sheet  Iron     . 

76.7 

61 '7 

67 

29 

123 
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71 
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In  these  experiments,  as  already  stated,  the  cool- 
ing of  the  sheet-iron  will  not  afford  a  fair  criterion 
for  the  effect  of  cast-iron  pipes ;  but  it  will  be  per- 
ceived that  thin  sheet-iron  has,  in  a  still  atmosphere, 
the  same  cooling  power  as  glass;  and  therefore  its 
effect  in  cooling  the  air  of  any  building  in  which  it 
is  used  will  be  very  great,  and  in  high  winds  it  will 
produce  a  far  greater  cooling  power  than  the  same 
extent  of  glass  (Art.  272),  as  its  cooling  power  will 
be  nearly  in  the  direct  ratio  of  the  velocity  of  the 
wind. 

These  remarks  on  the  cooling  power  of  different 
substances  when  employed  in  buildings  must  of 
course  be  understood  merely  to  apply  to  those  cases 
in  which  the  interior  temperature  of  the  building 
is  higher  than  that  of  the  external  temperature. 
Under  other  circumstances  these  experiments  would 
not  be  applicable. 


PART    SECOND. 

ON   THE    VARIOUS     METHODS    OF    WABiUNG    A!)D 

VENTILATING  BUILDINGS. 

THE    COMBUSTION    OF    FUEL,    ETC. 


CHAPTER   I. 


.  fcrly  Melhoda  of  Warming  Buildings — The  Romans  :  their 
I  StoTes — Bathe — Fines — Mode  of  Preparing  their  Firewood 
—the  Persian  Method — Cbineso  Method  of  Flues — Method 
[  of  the  Ancient  Britons — Invention  of  Chimneys — Burning 
1  of  Coah  in  England — Early  Writers  on  the  subject — 
I  Improvements  in  the  Form  and  Construction  of  Stoves  and 
I  Fiie-places.* 

(276.)  The  various  methods  of  wurming  build- 
ings have  consisted,  in  all  countries  and  in  all  ages, 
until  a  very  recent  period,  of  the  rudest  appliances 
and  the  most  inartificial  inventions.  At  a  very 
early  period,  it  is  true,  the  Romans  were  acquain- 
ted with  the  method  of  heating  rooms  and  buildings 
by  flues ;  and  these  were  elaborate  in  their  con- 
struction, and  complicated  in  their  arrangements. 

*  In  this  and  the  following  chapters,  the  articles  on 
"Stovea"  and  "  Ventiltttion, "  written  by  the  author,  and 
published  in  the  "  Encyclopiedia  Metropohtana,"  Lave  been 
inoorporated  with  such  farther  observations  as  the  want  of 
■Dace  prevented  bim  from  making  in  the  work  in  qneation. 
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Bitt  they  were  so  expensive  in  their  construction, 
and  so  wasteful  in  their  expenditure  of  fuel,  that 
this  method  of  warming  buildings  could  only  be 
adopted  by  very  few  of  even  that  rich  and  luxuri- 
ous nation.  'J  he  comparatively  late  invention  of 
chimneye  fully  accounts  for  the  immense  size  and 
pecuhar  construction  of  the  flues  used  by  the 
ancients ;  for  unless  a  large  space  ivere  provided 
for  the  combustion  of  the  fuel  and  the  entrance  of 
the  air,  the  heat  could  not  have  been  conducted 
through  the  flues,  owing  to  the  absence  of  the 
necessary  draught  produced  by  the  use  of  a  high 
chimney.  The  hypocauatum  of  the  Romans  was 
this  plan  of  flues.  It  appears  to  have  consisted  of 
a  long  furnace  ;  and  a  number  of  narrow  arches 
(testudines  alvei)  received  the  fire  of  the  bypocaus- 
tum,  and  conducted  it  along  and  underneath  the 
floor  of  the  room  to  be  warmed.*  The  whole 
of  the  hypocaustum  was  immediately  below  the 
room  which  was  to  be  heated.  Sometimes  a  great 
number  of  short  columns  or  pillars  supported  the 
floor  instead  of  these  arches.  They  were  set  in  four 
rows  very  close  together,  and  the  flame  of  the  fumact 
passed  between  them,  as  appears  by  some  very  per- 
fect specimens  which  have  been  discovered.f  Pliny 
the  younger,  in  his  letter  to  Gallus,  giving  the 
description  of  his  villa  Laurentinum,  mentious 
that  Ijis  bedchamber  was  warmed  by  a  small 
hypocaustum :  \  and  this  plan  was  generally 
adopted  in  heating  the  baths.§  For  this  latt^ 
purpose,  however,  an  improved  method  was 
adopted  when  the  Therma;  of  Rome  were  built, 

*  Oastell's  "  DluBtrations  of  the  Villas  of  Uie  ADcieoU," 
pp.  8,  9. 

+  PlUhaopkieal  Tratuaetiom,  voL  xxv.,  p.  2225,  aiid  vol.  sE., 
p.  865. 

t  Casteli'a  "  mnstiatioQB,"  p.  18. 

§  Ibid.,  p.  9. 
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,  which  has  been  described  by  Senecii.*  The 
if  the  bath  was  heated  by  passing  it  through 
the  lire  in  a  brass  pipe  of  a  serpentine  tbrra,  thence 
calU'n  Draco.  The  most  approved  mode  was  to 
employ  the  MiHarium,'\  whicli  appears  to  have  been 
a  leaden  vessel  of  large  circumference,  the  middle 
part  being  open  for  the  spiral  pipe,  and  for  the 
draught  of  the  fire  to  pass  through.  Tliis  vessel 
of  water  that  surrounded  the  flame  was  also  placed 
upon  part  of  the  same  tire,  and  for  that  reason  the 

^Ottom  was  obliged  to  be  made  of  brass,  as  were 

Hpo  the  pipes. 

■■(277.)    But  the  method   of   warming  by  the 

^repocaustum  was  far  too  expensive  for  general  use. 
The  Romans  used  portable  furnaces,  containing 
embers  and  burning  coals,  to  warm  the  different 
apartments  of  their  houses,  which  were  jilaced  in 
the  middle  of  the  room.J  These  were  soraetiraes 
made  to  contain  water,  which  was  heated  by  the 
fuel  of  the  furnace,  and  probably  they  were  also 
used  for  cooking.  One  of  these  boilers  and  furnaces, 
found  at  Herculaneum,  was  in  the  shape  of  a  castle 
with  four  towers.§  The  usual  kind  of  stoves, 
however,  were  nearly  on  the  plan  of  our  braziers. 
They  were  mostly  elegant  bronze  tripods,  sup- 
ported by  satyrs  and  sphinxes,  with  a  round 
disli  above  for  the  fire,  and  a  small  vase  below  to 
hold  perfumes,  which  were  thrown  into  the  brazier 
to  correct  the  smell  of  the  coals,  A  square  stove 
of  bronze,  of  the  size  of  a  moderate  table,  found 
at  Herculaneum,  rested  on  lion's  paws,  and  was 
ornamented  upon  the  border  with  foliage.  The 
bottom  was  a  strong  iron  grating,  walled  up  with 
bricks  above  and  below,  so  that  the  fire  could  not 

"  SanecK,  Nat.  Qarost.."  lib.  8,  cap.  24. 

'■PaOIadiuB,"  lib.  i.,  tit.  40. 
i  Adftms'g  "BomftQ  An  ti  qui  ties,"  p,  454. 
\  Fosbroke's  "  ArchfBology,"  4to,  vol,  i.,  p.  233. 
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touch  the  sides  of  the  stove,  nor  fall  through  the 
bottom.  It  was  similiar  to  those  still  used  in  large 
rooms  in  Italy.*  But  the  smoke  from  these  stoves 
was  so  considerable,  that  the  furniture  of  the 
winter  rooms  was  different  from  the  summer  rooms; 
and  Vitruvius  expressly  states  that  these  winter 
apartments  had  plain  cornices,  and  were  without 
carved  work  or  mouldings,  in  order  to  allow  the 
soot  to  be  easily  and  frequently  cleaned  away."}" 
At  great  entertainments  it  was  usual  to  have 
watchmen  stationed  to  be  ready  to  extinguish  any 
fire  which  might  happen  ;  the  smoke  issuing  from 
the  kitchen  windows  being  bo  great  on  these 
occasions,  that  it  was  common  to  speak  of  thie 
great  smoke  as  synonymous  with  a  great  enter- 
tainment.J  The  utmost  care,  however,  was  taken 
to  prevent  the  smoke  as  much  as  possible,  and  to 
procure  wood  which  ga^'e  the  smallest  quantity  of 
smoke  in  combustion.  A  great  deal  of  the  tirewood 
used  by  the  Romans  was  procured  from  Africa.§ 
The  bark  of  the  wood  was  peeled  off ;  the  wood 
was  then  suffered  to  lie  a  long  times  in  water,  and 
afterwards  dried  and  anointed  with  the  lees  of  oil, 
which  was  considered  the  most  effectual  way  to 
prevent  it  from  smoking.]] 

(278.)  In  the  time  of  Seneca  (a.d.  64),  another 
method  of  heating  buildings  was  adopted  ;  wbicll 
consisted  of  pipes  built  in  the  walls,  that  conveyed 
the  heat  from  a  furnace,  constructed  in  the  earth 
under  the  edifice.  These  pipes  or  flues  were  con- 
ducted to  the  different  rooms  ;  and  the  upper  end 
was  often  ornamented  with  the  representation  of 


•  Fosbroke'a  "  Archteology,"  vol.  i.,  p.  237. 

t  "  Vitruvius,"  lib.  vii.,  nap.  5.     Beokmaun' 

'■  History 

Inventions,"  vol,  ii.,  p.  74. 

t  "  Beckmunn,"  toI.  ii.,  p,  71. 

§  Jbid..  vol.  ii..  p.  300. 

II  Aams'a  '■fiomaa  Antiqnities,"  p.  iH. 

'  beckmanu 

!«P-™ 
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lion's  or  a  dolphin's  head,  or  any  other  figure, 
1  it  could  be  opened  or  shut  at  pleasure.  These 
pipes,  however,  were  liable  to  become  lull  of  soot ; 
and  as  they  were  very  likely  to  catch  fire  by  being 
over-bented,  laws  were  made  forbidding  them  to 
be  brought  too  near  to  the  wall  of  a  neighbouring 
house.* 

(279.)  The  Persians  used  a  stove  consisting  of 

an  iron  vessel  sunk   in  the  earth  in  the  centre  of 

the  apartment.     After  a  fire  had  been  kindled,  and 

had  well  warmed    the  place,  a  wooden  top,  like  a 

amnll  low  table,  was  placed  over  the  hole  in   the 

floor  which  contained  the  stove,  and  this  top  was 

^then  spread   with  a  large   coverlet   quilted    with 

^^Kton,  which  hung  down  on  all  sides  to  the  floor. 

^^Biose  people  who  were  not  very  cold,  only  put 

^^■eir  feet  under  the  table  or  covering  ;  but  those 

"     Trho  reijuired  more  heat,  put  their  hands  under  it 

also,  or  crept  under  it  altogether.f      The  Jews 

likewise  used  such  stoves  in  their  houses,  and  the 

jiriests    bad    them    also  in   the   temple  ;J    in   fact, 

throughout  the  East  this  mode  of  warming  ajjurt- 

ments  appears  to  have  been  commonly  adopted. 

0.)  In  China,  a  very  elaborate  system  of  flues 

J  been  long  in  use,  by  which  the  floors  of  the 

ioma  are  heated  by  a  furnace  constructed  below, 

a    moderate   exjienditure  of    fuel.     A   very 

ble  temperature  appears  to  be  maintained  by 

leae  means,  nothwithstanding  the  winter  terapera- 

of  some  parts  of  China  is  so  low  that  the 

termometer  nearly  reaches  the  zero  of  Falirenheit's 

Father  Gramont  described    this  mode   of 

J  in  1771, §  but  the  date  of  its  introduction 

s  not  appear  to  be  known. 

.)  Although  the  Komans  must  have  Intro- 

I  •  "  Beckmnnn,"  vol.  ii.,  p,  90. 
\  Ibid.,  vol.  ii.,  p.  «3.  i  Ibid.,  vol.  ti.,  p.  85. 

i  I'hitewp/u'cal  Tratuactioiti,  1771,  p.  61. 
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dnced  their  methods  of  warming  buiMinga  into 
England  at  a  very  early  jieriod,  as  appears  by 
various  remains  which  have  been  excavated  in 
recent  times,*  the  inhabitants  of  Britain  long 
contented  themselves  with  contrivances  of  the 
rudest  and  simplest  character.  Among  the  ancteDt 
Britons,  in  each  dwelling  there  was  only  one  place 
for  a  fire,  which  was  merely  a  hole  in  the  centre 
of  the  floor.  In  the  time  of  the  Anglo-Saxons, 
the  ordinary  plan  was  to  place  tlie  ignited  ftiel  on 
the  hearth  in  the  middle  of  the  floor,  and  an 
opening  in  the  roof  immediately  above  the  hearth, 
permitted  the  escape  of  the  smoke.  In  the  better 
clasa  of  buildings,  an  ornamented  turret  was 
erected  in  the  centre  of  the  roof  for  carrying  oif 
the  smoke,  while  in  ordinary  houses  the  opening 
in  the  roof  was  merely  defended  from  the  weather 
by  louvre  boards,  in  the  manner  now  practised  in 
many  of  our  commonest  buildings  used  for  mann- 
fectories. 

(282.)  The  invention  of  chimneys  necessarily 
made  a  great  alteration  in  the  mode  of  heating 
buildings.  The  date  of  their  introtluction  has  been 
much  debated:  but  there  appears  to  be  no  positive 
evidence  of  their  existence  before  the  middle  of 
the  fourteenth  century  ;  the  earliest  record  being, 
that  an  earthquake  at  Venice,  in  1347,  threw  down 
a  gi-eat  many  chimneys.f  Twenty  years  after  tine 
they  appear  to  have  been  unknown  at  Rome  ;  for 
in  that  year  Francesco  da  Carraro,  lord  of  Padua, 
came  to  Rome,  and,  finding  no  chimneys  at  the  itm 
where  he  lodged,  he  caused  two  chimneys  to  be 
built  by  workmen  whom  he  bad  brought  «*ith  him; 
and  over  these  chinmeys,  the  first  ever  seen  at 
Rome,  he  caused  his  arms  to  be  affixcd.J     Thia 


•  I'hihgopkical  Tranxactiom,  vols,  sit.  and  xli. 
t  BeckmaDD's  "Hutory  of  iDTeDtions," 


ii.,  p,  96. 
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alow  communication  of  such  an  important  inven- 
tion, 80  closely  connected  with  health  and  comfort, 
contrasts  most  strangely  with  the  rapid  promulga- 
tion of  every  discovery  and  improvement  of  the 
present  time. 

The  introduction  of  chimneys  into  England 
appears  to  have  heen  in  the  reigTi  of  Richard  II.; 
and  one  of  the  first  is  supposed  to  have  heen  at 
Bolton  Castle,  built  in  this  reign.*  It  was  long 
Ijefore  they  canie  into  general  use :  but  in  the  reign 
of  Elizabeth  most  rooms  in  respectable  houses  were 
furnished  with  them,  and  apologies  were  made  to 
visitors  if  they  could  not  be  accommodated  with 
rooms  with  chimneys.f 

(283.)  It  is  uncertain  at  what  time  stove-grates 
were  first  used,  though  probably  they  were  not 
invented  till  coals  became  the  ordinary  fuel.  For, 
though  coals  were  known  to  the  Britons  before  the 
arrival  of  the  Romans,  their  use  was  barely  tolerated 
in  England  till  the  seventeenth  century,  as  it  was 

ipposed  that  the  air  was  rendered  unwholesome 
their  use.  J 

After  the  improved  method  of  burning  fuel 
under  open  chimneys  was  introduced,  they  were 
used  not  only  as  the  receptacle  for  tlie  iire,  but 
they  also  became  the  ordinary  place  of  resort  for 
conversation  and  conviviality  for  all  the  inmates 
of  the  house.  The  chimney-corner  was  the  post  of 
honour;  and  the  custom  of  the  whole  family  sitting 
imder  t!ie  chimney-breast  is  not  even  yet  entirely 
exploded  in  some  of  our  rural  districts. 

(284.)  The  earliest  writers  who  endeavoured  to 
improve  the  construction  of  stoves  were  Keslar,  of 
Frankfort,  in  16H;  Savot,  in  1625;  Glauber,  in 

•  Fosbroke's  "  Arcliffiologj,"  vol.  i..  p.  113. 
t  Ibid.,  vol  i..  p.  112. 

t  Seeobaptervi., Art.S82.  Also Fosbroke's " Archeology," 
TOL  L,  p.  72,  Ac. 
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1669;  and  Delesme,  in  1686.  In  1713  (ori«erha|>ft 
even  in  1709),  M.Gauger  published  a  most  excellait 
treatise  on  the  consiruction  of  fireplaces,  irliidi, 
in  1715,  was  translate*!  and  published  in  tbi* 
country  by  Dr.  Deaaguliers.*  This  treatise,  wliicli 
is  now  scarce,  contains  a  most  lucid  expIanatioQ 
of  the  methods  of  economizing  fuel,  based  on  the 
soundest  principles  of  philosophy.  It  was  the  first 
attempt  which  had  been  made  to  apply  the  known 
laws  of  heat  to  the  construction  of  fireplaces;  and' 
though,  in  consequence  of  wood  being  the  fuel 
universally  used  in  France  at  that  period,  and  this 
fuel  being  always  burned  upon  the  hearth,  the 
author  made  no  mention  of  stoves,  but  merely  « 
fireplaces,  the  translator,  Dr.  Desaguliers,  added: 
a  chapter  on  the  stoves  to  be  used  in  these  improved 
fireplaces;  and  the  work  in  that  new  form  was  ft 
complete  epitome  of  all  those  principles  whicb 
Franklin,  and,  after  him,  Count  Rumford,  so  sucoess- 
fully  brought  under  the  public  notice,  and  which,  ii 
strictly  carried  out,  would  form,  even  at  the  present 
day,  the  best  guide  to  the  proper  construction  c 
stoves  and  fireplaces.  An  epitome  of  this  little  work 
would  be,  in  fact,  a  recapitulation  of  all  the  most 
apjiroved  methods  of  constructing  fire])lftces,  sto^"c«, 
and  chimneys;  but  most  of  these  principles  are  no* 
too  well  known  to  require  explanation,  and  olhen 

*  Dr.  Deaaguliers,  is  his  "  Experimental  Philoaophy, 
vol.  ii..  p.  C57,  published  in  1744,  meutions  tliie  book,  and 
states  thikt  the  author  concealed  bis  name,  but  that  be  kii«* 
him  to  be  Monsieur  Gaugcr,  of  Fatia  \  and  ho  meiitiona  a 
onrioua  circamstanoc  of  a  Frencbman  coming  over  to  tliii 
ootintry,  who.  altliough  so  ignorant  that  be  oonld  soared; 
read  three  pages  of  the  book,  professed  bimself  its  ftuUior, 
and  applied  to  the  king  to  grant  bim  a  patent,  free  of  expeoM. 
on  acoount  of  the  great  value  of  the  stoves  described  in  thd 
book,  and  tbat  be  was  too  poor  to  pajr  for  the  patent.  Th9 
real  author  of  this  book  still  remains  a  subject  of  oonjeotQff, 
and  it  has  been  sometimes  attributed  to  the  Cardinal  ds 
Polignac. 
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which  are  less  so,  m\\  be  touched  upon  in  another 
form  in  the  course  of  this  treatise. 

(285.)  The  word  stooe  is  used  in  this  treatise  to 
signify  either  a  cloae  or  an  open  fire-grate  to  hum 
fuel  in;  and,  iu  general,  this  is  what  the  word  is 
now  supposed  to  mean.  la  iiorticulture,  the  build- 
ing itself  which  is  heated,  and  not  the  place  which 
holds  the  fire,  is  called  a  stove,  and  this  expression 
is  employed  by  many  old  writers.  Anciently, 
however,  the  term  hothouse,  which  we  now  use  to 
signily  a  building  for  horticultural  purposes,  was 
descriptive  of  a  sudorific  Ijath.  the  use  of  hot- 
houses for  the  purposes  of  horticulture  being  an 
invention  of  comparatively  recent  date.  At  the 
beginning  of  the  seventeenth  century  liotboascs 
were  used  for  the  cultivation  of  orange  trees,  and 
were  considered  a  mark  of  royal  magnificence.* 

(286,)  The  various  elegant  forms  given  to  the 
Stove  grates  of  the  present  day  are  quite  a  modem 
invention.  Formerly  they  were  called  "cradles  of 
iron  for  burning  sea-coal, "f  from  which  we  should 
suppose  them  to  be  very  different  in  construction 
to  ours  ;  and  even  those  described  in  Dr.  Desagu- 
liers'  work,  as  late  as  the  l>eginning  of  the  eighteenth 
century,  are  nothing  more  than  a  few  bars  lient  into 
a  semicircle  and  fastened  into  tlie  back.  How  far 
the  utility  of  stove-grates  has  Iteen  affected  by  the 
modem  alterations  of  form,  we  shall  endeavour  to 
show  in  the  following  chapter  ;  and  subsequently 
wc  shall  inquire  into  the  physiological  effects  pro- 
duced by  some  of  the  modern  methods  of  distribut- 

j  artificial  heat, 

'  Fosbroke'B  "  Arcbaelogy,"  toI.  i.,  p.  276. 
►  IHi.,  vol.  i.,  p.  2fi8. 


CHAPTER  n. 

Forms  of  Fire-places  aud  Chinmeys — Should  be  made  to 
reflect  Heat — Coutraction  of  Chimney -breast — Hollow 
Hearths  aad  Backs  for  Fire-places — Bumford's  Principles 
of  Constraction — Errors  in  the  Construction  of  Stoves — 
Eegister- Stove  in  a  Case — Je&ey's8toye— Franklin's  Penn- 
sylvania Stove— Cutler's  Torch  Stove — Sylvettter's  Badiat- 
ing  Stove — Buasian  and  Swedish  Stoves — Candy's  Stoves — 
German  Stoves — Hot-air  Stoves — Cookie  Stoves — Dr. 
Nott's  Stove — Dr.  Amott's  Stove — FrankUn's  Vase  Stove 
— Gas  Stoves — Joyce's  Stoves — Beaumont's  Stove — Pal- 
maise  Stove. 

(287. )  Previous  to  the  publication  of  M.  Ganger's 
treatise  (already  alluded  to,  Art.  284)  chimney 
fire-places  were  generally  made  in  the  form  of  a 
large  square  recess,  and  the  breast  of  the  chimney 
was  of  the  same  size  as  the  recess  itself.  The 
error  of  this  construction  was  pointed  out,  in  the 
work  by  M.  Gauger,  by  a  reference  to  the  known 
laws  of  heat.  Radiant  heat  is  subject  to  the  same 
law  as  light, — that  the  angle  of  reflection  is  equal 
to  the  angle  of  incidence.  Hence  it  follows  that 
a  ray  of  heat,  falling  peq)endicidarly  on  the  flat 
sides  of  the  chimney  recess,  will  bo  reflected  back 
upon  itself:  if  the  ray  forms  an  angle  vertically 
with  the  side,  it  must  be  reflected  up  the  dumney; 
and  if  the  ray  forms  an  angle  horizontally  ^vitli 
the  flat  side  of  the  chunney,  this  angle  must 
necessarily  be  so  small  that  it  cannot  be  reflected 
forward  beyond  the  jambs  of  the  mantel-jiiecc. 
On  these  considerations,  M.  Gauger  recommended 
^be  back  of  the  recess  should  be  contracted 
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I  that  the  sides  should  incline  outwards  at  a  con- 
iSernhle  angle,  by  which  means  the  radiant  heat 
pould  be  reflected  into  the  room,  and  much  more 
ct  produced.  The  fig.  51  will  explain  this: 
3  supposed  to  be  the  groimd  plan  of  a  fireplace, 
litb  straight  sides  ; 
I  B  c  are  the  jambs,  Fig'  51, 

,  and  back  of  the 
fireplace,  and  d  the 
body  which  radiates 
beat.  If  now  a  ray 
(f  falls  on  the  side,  it 
will  Ije  reflected  at  the 
same    Hngle,    and    fall 

just  within  the  janip  at  x ;  but  if  the  side  be  in- 
clined, as  shown  by  the  line  f,  then  a  ray  y  falling 
upon  it,  will  be  reflected  into  the  room  in  the 
direction  of  z,  and  of  course  a  vast  difterence  in 
the  eff'ect  will  be  experienced. 

But  this  author  likewise  recommended  other 
improvements.  He  advised  a  considerable  con- 
traction of  the  breast  of  the  chimney,  by  which 
fis  heat  would  escape  through  the  funnel  or  shaft 
the  chimney,  while  at  the  same  time  he  proved 
Bt  the  Bmoke  would  escape  with  equal  facility 
before.  Another  improvement  which  he  sug- 
Sted  was  in  makmg  the  hearth  and  back  of  the 
e-place  hollow,  by  means  of  metal  plates,  so 
at  by  having  these  hollow  spaces  to  communi- 
cate with  the  external  atmosphere,  the  air  in 
passing  through  them  would  be  warmed  before  it 
entered  the  room,  and  would  prevent  the  cold 
currents  of  air  which  otherwise  would  enter 
through  the  crevices  of  the  doors  and  windows. 
This  consti-uction  of  fireplaces  was  intended  for 
the  burning  of  wood,  and  as  the  fire  was  there- 
fore merely  laid  on  the  hearth,  the  eft'ect  of  these 
'loliow  spaces,  and  particularly  the  hollow  hearth, 
u  2 
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would  of  course  be  very  considerable,  by  tvnrming 
a  large  quantity  of  air. 

(288.)  Subsequent  inventors  bave  been  much 
indebted  to  this  work  by  il.  Gauger.  Franklin 
acknowledged  the  great  assistance  be  had  derived 
from  it  ;  and  the  methods  of  economizing  fuel, 
afterwards  so  successfully  introduced  by  Count 
Rumford,  in  his  improved  stoves,  are  all  similar 
in  principle  to  the  plans  recommended  by  the 
French  author. 

(2S9.)  In  the  year  1796,  Count  Rumford  pub- 
lished his  £ssays  on  the  Management  of  Fire  and 
the  Econo7)ii/  of  Fuel;  and  he  tliere  describes  those 
improvements  which  have  ever  since  that  time 
been  followed  in  the  construction  of  stove-grates. 
The  error  shown  by  M.  Gauger  to  exist  in  the 
conetniction  of  fireplaces,  by  making  the  sides 
parallel  to  each  other,  was,  at  the  time  that  Rum- 
ford  wrote  his  treatise,  still  continued.  In  pointing 
out  the  errcir  of  this  mode  of  construction,  he 
showed  that,  in  order  to  obtain  the  greatest  effect 
from  the  fuel,  the  sides  of  the  fireplace  ought 
to  be  placed  at  an  angle  of  135"  with  the  back 
of  the  grate,  or  (which  is  the  same  thing)  at  an 
angle  of  45"  with  a  line  drawn  across  the  front 
of  the  fireplace.  This  angle  must  neccssai-ily 
reflect  the  greatest  number  of  rays  into  the  room  ; 
the  difference  of  effect  between  this  mode  of 
constniction  and  that  of  the  parallel  sides  being 
very  great.  The  reduction  in  the  size  of  the 
throat  of  the  chimney  was  likewise  another  im- 
provement which  he  effected,  though  this  also 
had  been  recommended  by  M.  Gauger  nearlv  a 
century  previous.  The  angular  co^-ings  for  the 
sides  of  the  fireplaces,  Rumford  considered  should 
not  be  formed  of  iron,  but  of  some  non-conducting 
substance,  such  as  fire-clay,  in  order  that  more 
heat  might  be  reflected  fi^m  them  into  the  room. 
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.  circular  form  for  these  sides  or  covinga.  he  con- 
derecl  produced  eddies  or  currents,  which  would 
E  likely  to  cause  the  chimney  to  smoke;  and  he 
kewise  objected  to  the  old  form  of  registers  or 
letal  covers  to  the  breast  of  the  chimney  for  the 
ime  reason,  and  because  by  their  sloping  upwards 
)wards  the  back  of  the  fireplace,  they  caused  the 
'arm  air  from  ttie  room  to  be  dra\TO  up  the  chimney, 
nd  thus  impelled  the  passage  of  the  smoke.  These 
igisters  are  now  made  so  as  to  be  lower  at  the 
than  at  the  front  of  the  stove;  but.  in  general, 
ley  are  placed  far  too  high  up.  And  the  very 
ime  reasons  which  decide  the  angle  of  greatest 
feet  for  the  cheeks  or  sides  of  the  fireplace  to  be 
5",  also  apply  to  this  case;  and  a  large  i[uantity 
:  heat  now  lost  by  the  ordinary  register  stoves 
ouM  be  saved  if  the  register  top  were  placed  at 
lis  angle,  and  sufficiently  low  down  to  allow  it  to 
[fleet  the  heat  from  the  fire  into  the  room.  The 
imensions  of  the  fire-grate  itself  Count  Rtunford 
commended  to  be  much  less  than  formerly;  and 
le  best  proportions  for  the  chimney  recess  he 
ated  were  that  the  width  of  the  back  should  be 
[ual  to  the  depth  from  front  to  back,  and  the 
idth  of  the  front,  or  the  opening  between  the  jambs, 
lould  be  three  times  tbe  width  of  the  back. 

(290.)  Although  the  best  form  for  register-stoves 
18  now  for  several  years  past  been  adopted,  the 
wire  for  novelty  has  caused  tlie  true  principles  of 
Dnstruction  to  be  fre- 
uently  departed  from ; 
ad  we  accordingly  find, 
the  most  modern 
toves.  considerable  de- 
riations  from  these 
ainciples.       Fig   52   is 

section    of  a  register 
tove  constructed   on  the  best  possil)ie   plan  for 
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diftuaing  heat  into  the  room.  The  two  sides  are 
a  right  angle  of  90°  A  B  c ;  and  the  bars  d  e  describe 
a  quadrant  of  a  circle  whose  radiua  is  just  half  the 
length  of  the  side  a  b.  If  now  we  wish  to  follow 
Ruinford's  rule  of  makiug  the  back  one-third  the 
width  <if  the  front,  we  obtain  this  by  taking  one- 
third  of  the  length  A  b,  which  will  give  B/";  and 
then  if  we  draw  the  line/';?,  we  shall  obtain  exactly 
the  required  dimeusions.  By  this  arrangement  it 
will  be  perceived  that  the  sides  of  the  stove  form 
an  angle  of  136°  with  the  back;  and  all  the  rays  of 
heat  which  fall  upon  these  sloping  sides  will  there- 
fore be  reflected  into  the  room,  directly  in  front  of 
the  stove,  in  right  lines.  The  falling  cover,  or 
register  top,  should  also  form  an  angle  of  136"  with 
the  back,  by  which  a  large  portion  of  heat  will  be 
radiated  downwards  into  the  rooui.  These  propor- 
tions however,  cannot  well  be  adopted  in  stoves  of 
•very  large  size,  as  they  will  be  found  to  throw  the 
stove  too  far  back ;  but  for  all  moderate  sized  stoves 
no  form  can  be  adopted  which  will  produce  so  good 
an  effect. 

(291.)  Various  methods  have  l>een  contrived  to 
render  available  some  further  portion  of  the  heat 
which  is  given  off  by  the  fuel  during  combustion 
in  these  stoves,  in  addition  to  that  whicli  is 
obtained  by  radiation.  These  contrivances  are 
nearly  all  of  them  mere  modifications  of  that 
pointed  out  by  M.  Ganger,  by  means  of  the 
double  back  and  hearth  of  his  improved  fireplaces. 
Notwithstanding  this  invention  is  at  least  150 
years  old,  it  has,  during  the  last  thirty  years, 
been  repeatedly  brought  forward,  and  more  than 
once  ])atented,  by  different  persons,  as  a  new 
invention.  The  principle  has  been  the  same  in 
all  the  different  cases,  with  but  very  little  difference 
in  the  mode  of  applying  it.  A  current  of  air  is 
brought  from  the  external  atmosphere,  and  is  ; 
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to  pass  through  a  small  flat  box  at  the  back  of  the 
stove;  the  back  of  the  stove  itself  forming  one  side 
of  the  box ;  and  in  order  to  prevent  the  air  from 
escaping  into  the  room  before  it  is  sufficiently 
wanned,  the  box  is  divided  horizontally  by  several 
partitions  so  as  to  cheek  the  passage  of  the  air, 
which  is  carried  successively  through  them  all 
before  it  escapes  into  the  room.    This  mode  of  warm- 

Pj  the  air  is  exceedingly  useful,  and  is  capable  of 
rious  modifications.  It  is  not  only  economical 
fuel,  but  frequently  is  very  efficacious  in  remedy- 
j  smoky  chimneys,  and  in  preventing  those  cold 
lughts  from  doors  and  windows,  which  are  so 
ceedingly  unpleasant  and  unhealthy. 
(292.)  A  most  efficient  mode  of  applying  this 
principle  is  to  enclose  the  whole  of  the  register 
stove  in  an  ornamental  case.  In  this  way  the  stove 
stands  forward  in  the  room  a  tew  inches,  and  the 
case  forms  an  air-chamber  entirely  round  the  back 
and  sides  of  the  stove,  by  which  a  very  large  heating 
rface  is  obtained,  which  moderately  warms  the 
',  while  the  whole  effect  of  the  radiant  heat  is 
btained  from  the  open  fire,  the  same  as  in  an 
"nary  register  stove.  When  the  air-chamber 
municates  with  the  external  air,  this  forma 
Very  excellent  stove,  and  the  atmosphere  is  purer 
than  when  the  air  of  the  room  only  is  made  to  pass 
over  the  heated  surface. 

(293.)  A  stove  invented  by  Mr.  Jeffrey  (the 
inventor  of  the  well-known  instrument  called  the 
Respirator)  accomplishes  the  same  object  in  a  some- 
what different  manner.  This  stove  stands  extremely 
[>rominent  in  the  room,  without  being  at  all  sunk 
in  the  wall  as  fireplaces  usually  are.  The  entire 
back  of  the  stove  above  the  fire  consists  of  a  series 
of  flat  tubes,  one  inch  wide,  and  about  nine  inches 
deep  from  back  to  fi^nt,  which  are  placed  etlge- 
Vays,  one  inch  apart  &om  each  other,  so  as  to 
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present  alternately  a  close  and  an  open  space  of 
one  inch  in  width.  These  tubes  are  about  cigliteen 
inches  lonj;,  and  reach  quite  to  the  top  of  the  stove, 
and  pass  just  through  the  mantelpiece.  The  only 
way  by  \vhich  the  smoke  can  escape  into  the 
chinmey  is  by  passing  through  the  openings  left 
between  these  flat  tubes,  which  are  so  connected  at 
the  top  as  to  prevent  the  snioke  passing  into  the 
room.  The  lower  end  of  these  tubes  opens  into 
a  small  air-chamber  which  communicates  with  the 
external  atmosphere,  nnd  the  air  therefore  passes 
fi-om  this  chamber  through  the  flat  tubes,  and 
escapes  at  rather  an  elevated  temperature  into  the 
room  from  the  upper  part  of  the  tul>es;  having  beeu 
warmed  in  its  passage  through  the  tubes  by  the 
heat  which  has  been  abstracted  from  the  smoke 
passing  between  them.  Nothing  new  in  principle 
is  obtained  by  this  arrangement;  the  only  difference 
between  this  plan  and  that  of  tlie  many  previous 
contrivances  for  the  same  purpose  is,  that  tlie  heat 
which  warms  the  air  is  derived  from  the  smoke,  in 
the  others  it  is  obtained  by  bringing  the  air  into 
contact  with  the  surface  that  is  heated  directly  by 
the  fuel  contained  in  the  stove  itself.  The  method 
employed  by  Mr.  Jeffrey  appears  very  likely  to 
cause  the  chimney  to  smoke,  unless  the  draught  is 
particularly  good ;  for  the  smoke  must  have  so  large 
a  portion  of  its  heat  abstracted  by  passing  between 
the  flat  tubes,  that  its  power  of  ascending  must 
necessarily  Ije  very  much  reduced.  The  stove  also 
presents  some  practical  difficulties  in  removing  the 
soot  from  the  chimney ;  for  which  })urpose  a  part 
of  the  jamb  has  to  be  removed. 

(294.)  Dr.  Franklin,  in  1744,  invented  a  stove  for 
burning  wood,  which  he  called  the  Pennsylvimia 
atove;  in  which  he  introduced  the  principle  of 
heating  the  air  much  in  the  manner  first  recom- 
mended by  M.  Gauger,  by  means  of  a  double  or 
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alloiv  back.  This  stove*  was  in  the  form  of  an 
box  with  the  front  removed.  At  about 
three  or  four  inches  from  the  back  of  this  bos,  a  flat 
close  chamber  was  fixed,  three  inches  deep,  the 
whole  width  of  the  stove,  and  reaching  to  within 
about  four  inches  of  the  top.  The  smoke  escaped 
over  the  top  of  this  flat  chamber,  and  passed  down- 
wards between  it  and  the  real  b.ick  of  the  stove, 
and  thence  passed  into  the  chimney.  This  hollow 
chamber  communicated  underneath  the  stove  with, 
a  tube  openinjr  into  the  extfimal  atmosphere,  and 
a  considerable  quantity  of  air  thus  passed  through 
the  flat  chamber,  and  escaped  into  the  room  through 
Rmall  holes  left  at  the  sides,  after  traversing  tJie 
length  of  the  chamber  three  or  four  times  by  means 
of  divisions  placed  across  it  for  that  purpose.  The 
heated  surface  of  the  stove  itself  also  warmed  the 
air  of  the  room,  and  a  large  ijuantity  of  radiant 
heat  was  also  given  off  from  the  burning  fuel.  This 
stove  is  very  economical.  It  was  a  good  deal  used 
in  America,  and  some  of  them  have  Ijeen  used  in 
Englanil,  in  those  parts  of  the  country  where  wood 
is  abundant. 

(295, )  An  ingenious  stove  was  proposed  in  1815, 
by  Mr.  Cutler,  and  called  the  torch  stove.t  It 
possessed  an  open  fire,  exactly  like  an  ordinary 
register  stove,  but  it  was  made  to  consume  its  own 
smoke  on  a  very  ingenious  principle.  Below  the 
bars  of  the  grate  there  was  a  deep  laox  which  sank 
down  into  the  hearth,  and  which  contained  the 
fuel.  The  fire  was  lighted  at  the  top,  and  as  the 
fuel  burned  away,  the  box  was  wound  up  by  a 
chain  passing  over  a  rack  and  pinion,  placed  out 
of  sight,  in  the  interior  of  the  stove.  liy  this 
means  the  fuel  burned  only  at  the  top;  and  the 
(piantity  of  heat  could  be  regulated    at  pleasure, 

•  Fr&nklin'B  "  Works,"  toI,  ii.,  p,  225,  ft  *.■•], 

t  lUpirloTi)  of  Arts,  Tol.  sxviiL  (Second  Series),  p.  203. 
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according  to  the  height  to  which  the  fuel  waa 
supplied  from  the  box  below.  For,  as  the  sides 
of  the  box  were  solid,  and  therefore  no  air  could 
pass  through  tlie  fuel  it  contained,  tlie  corabu»tion 
took  place  only  In  that  part  of  the  fuel  which  was 
raised  up  to  the  level  of  the  fire-bars:  and  aa  thJB 
part  of  the  fuel  always  burned  clear,  the  raw  coal 
below  was  gradually  and  slowly  heated,  and  th« 
gaseous  parts  were  consumed  while  passing  slowly 
through  the  ignited  fuel  at  the  top.  This  stove 
was  rather  cumbrous  in  ai>pearance,  and  there  waa 
an  inconvenience  attending  its  use,  arising  from 
the  trouble  of  relighting  the  iire  and  fiUiog  the 
box  with  fuel,  when  the  latter  did  not  contain  a 
sufficient  quantity  to  last  the  entire  day;  and 
this  alone  is  almost  sufficient  to  prevent  its 
general  use.  The  principle,  however,  of  lighting 
the  tire  at  the  top,  and  supplying  fresh  fuel  from 
below,  is  undoubtedly  good,  as  it  affords  the  most 
perfect  control  over  the  Lntenaity  of  the  fire,  and 
consumes  nearly  the  ivhole  of  tlie  smoke.  To 
obviate  tlie  inconvenience  of  8upi)lying  the  coale 
in  this  way,  and  still  retaining  the  advantage  of 
burning  the  fuel  from  the  top,  downwards,  Mr. 
Dowson  patented  a  plan*  for  supplying  the  I'resh 
fuel  below  the  ordinary  bars  of  the  grate,  whilst 
the  fire  was  burnuig,  by  a  peculiar  apparatus, 
which  delivered  the  fresh  coals  at  the  bottom  of 
the  grate;  but  neither  this,  nor  the  plan  proposed 
by  Mr.  Cutler,  ever  came  at  all  into  extensive 
use,  as  both  are  troublesome  and  exiiensive.  Dr. 
Amott  has  very  recently  (1854)  again  revived 
Mr.  Cutler's  plan  of  the  torch  stove,  and  has  pro- 
jtosed  it  as  a  remedy  for  the  inconveniences,  real 
and  imaginary,  which  are  attributed  to  our  ordinary 
open  gratea  or  fireplaces.  There  is  not  the  lea«t 
probability  that  this  plan  will  ever  come  into  gene* 
•  Brpertory  of  ArU,  vol.  xxix.  (Beoond  Series),  p.  78, 
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I  use;  for  its  greater  cost,  its  complicated  manage- 

mt,  its  practical  inconvenience  in  replenishing 

s  fuel,  and  its  somewliat  difficult  adaptation  to 

listing  fireplaces,  all  luilitate  against  it,  even  were 

.  advantages  greater  than  they  really  are.     In 

tt  the  plan,  somewliat  modified,  has  been  several 

pes  brought  forward.     Several  years  ago  it  was 

©posed  in  America,  by  simply  making  each  side 

of  the  stove  consist  of  a  hollow  box,  of  which  the 

hob  formed  the  lid.     The  bottom  of  the  box  was 

level  with  the  bottom  grate  of  the  stove ;  and  an 

ning  from  the  side  of  the  box,  close  to  the  bot- 

,  allowed  the  coals  which  were  put  in  these  side 

yes  to  be  pushed  under  the  burning  fuel  in  the 

fcte,  and  thus  produced  the  same  effect  as  the 

gading  box  of  Cutler's  stove.     This  plan  like  each 

ttiie  others,  is  attended  with  difficulties  in  prac- 

!e;    for,  although  descriptively   it  appears  very 

,  in  practice  it  is  found  extremely  difficult  to 

;  any  sufficient  quantities  of  fuel  under  a  mass 

1>uming  coals. 

1(296.)  Another  modification  of  the  register  stove 
r  the  invention  of  Mr.  Sylvester.     In  this  stove 
the  hearth  consists  of  a  great  numlter  of  hollow 
bars  fitted  into  an  appropriate  frame.     The  hollow 
"ars  not  only  form  the  hearth  but  at  their  extreme 
I  the  fuel  is  placed,  and  the  bars  thus  form  the 
tting  on  which  the  fuel  is  burned.     The  air  to 
wrt  the  combustion  passes  through  the  hollow 
,  and  also  through  the  front  of  the  fire.     The 
B  of  these  liars  on  which  the  fire  is  placed  he- 
be  hotj  and  the  remaining  part  of  the  bars  also 
»ming  heated  by  the  conducting  power  of  the 
tal,  a  radiation  of  licat  into  the  room  is  produced 
iic  bars  which  form  the  hearth.     The  tire  being 
I  as  it  were  on  the  hearth,  the  cheeks  or  sides 
3  stove  are  of  much  greater  length  than  UBual, 
t  a  larger  quantity  of  heat  is  radiated  into  the 
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room.  The  smoke  escapes  through  openings  in  the 
back,  which  are  placed  something  like  louvre  Iwards. 
The  ashes  from  the  stove  tall  into  a  box  below  the 
hearth,  which  requires  to  be  occasionally  emptied 
by  removing  the  loose  bars  forming  the  hearth. 

The  principle  of  this  stove  is  extremely  good, 
but  the  arrangement  is  much  too  expensive;  and 
there  are  several  inconveniences  which  must  prevent 
its  general  use,  not  tlie  least  of  which  is  the  exten- 
sive alteration  in  the  brick-work  and  wood-work 
which  surround  the  fireplaces,  in  order  to  adapt 
them  to  rooms  not  purposely  built  for  them.  But 
there  is  ample  room  for  improvement  in  the  ordi- 
nary open  fireplaces,  and  many  ingenious  inventions 
already  exist  for  this  purpose.  The  great  obstacle, 
however,  to  their  general  use,  even  supposing  their 
merits  greater  than  they  really  are,  is  the  extensive 
alteratioiis  generally  required  when  they  are  made 
to  replace  stoves  of  the  old  construction.  For 
while  several  of  the  modern  stoves  economise  fuel 
to  a  considerable  extent,  their  expense  puts  them 
I>eyond  the  reach  of  those  to  whom  this  economy  of 
fuel  would  be  important;  and  to  those  who  can  afford 
the  expense  of  their  application,  the  eoouomy  of 
fuel  is  a  matter  of  indifference.  The  old  principle 
of  open  stoves  is  imdoubtedly  wasteful  of  fuel,  aa  a 
large  portion  of  heat  escapes  up  the  chimney;  but 
it  is  doubtful  whether  any  of  these  modern  inven- 
tions yet  accomplish  great  economy  of  fuel,  accom- 
panied with  moderate  cost  and  easy  application.* 

(297.)  The  stoves  which  come  now  to  be  men- 
tioned are  of  a  different  character,  and  form  that 
class    (the    only   one    known    in    many    parts   of 

*  In  tbs  Beport  of  the  CammissionerB  presented  to  PurUa- 
ment,  25th  August,  1857.  "  Oa  Wormmg  and  VoiitiUtiiig 
Dwellings,"  there  is  a  very  good  epitome  of  a]]  the  patentSi 
91  in  number,  taken  ont  for  stoves  between  tlio  yetaa  1781 
Bud  1867. 
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Europe)  which  heat  the  air  by  contact  with  their 
Burfaces,  and  not  by  radiation  directly  from  the 
burning  fuel  itself.  In  most  of  tliese  stoves  the 
fire  is  wholly  concealed  from  view;  while  in  a  few, 
of  modern  invention,  a  part  of  the  6re  is  dimly 
Been  through  talc  placed  in  the  iront, 

(298,)  In  the  North  of  Europe,  close  stoves  are 
alone  used  for  heating  buildings.  In  Russia  and 
Sweden,  the  stove  is  generally  made  of  brick,  tiles, 
or  stone,  and  it  occupies  a  large  space  at  one  end  of 
Jje  room.  It  is  usually  either  srpiare  or  oblong, 
1  is  divided  by  partitions  into  diJi'erent  corapart- 
nts,  so  as  to  increase  tbe  surface  over  which  the 
poke  and  heated  gases  pass  before  they  finally 
ape  into  tbe  chimney.  The  materials  which 
inpose  the  stove,  being  slow  conductors  of  heat. 
fcy  retain  the  heat  for  a  long  time  when  once 
warmed;  and  these  stoves  seldom  require  replenish- 
ing with  fuel  more  than  once  a  day.  They  usually 
bum  wood  for  fuel,  and  are  supplied  by  a  tire-door 
exterior  to  the  room  intended  to  be  warmed.  M. 
Gruyton  endeavoured  to  introduce  these  stoves  into 
France  at  the  close  of  the  last  century,  and  paid 
much  attention  to  the  best  form  of  construction 
and  the  comparative  cost  of  fuel,  the  results  of 
which  were  published  in  tbe  Annales  de  Chimie* 

Jlr.  Cundy  took  out  a  patent  in  this  country, 
in  1844,  for  a  stove  made  of  fire-clay,  which  it 
was  supposed  would  combine  the  advantages  of 
an  open  tire  with  the  mild  heat  from  earthen  or 
pottery  surfaces.  The  large  size  which  such  a 
stove  requires  to  be,  in  order  to  aftbrd  sufficient 
heating  stuface  for  a  building  of  any  considerable 
extent,  must  necessarily  prevent  its  general  appli- 
ation ;  and  it  has  not  hitherto  proved  generally 
isfiil  where  large  areas  are  required  to  be 

'  •  Sec  also  Repa-lory  of  Ani,  vol.  xvi.,  p.  264,  tt  tei\. 
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(299.)  In  Germany,  iron  stoves  are  used,  which 
heat  the  air  by  contact  with  their  surfaces.  A  very 
superior  stove  is  also  used,  made  of  elazed  earthen- 
ware, which  is  very  similar  to  the  Swedish  stoves 
just  descrihed,  and  which  gives  a  mild  and  agree- 
able heat.  This  stove  necessarily  occupies  much 
room;  but  it  is  decidedly  the  Ijest  construction  for 
a  close  stove,  as  the  quality  of  the  air  is  less  injured 
by  it  than  by  the  heated  metal  from  ordinary  close 
Btoves.  With  all  these  close  stoves  it  is  usual  to 
employ  a  vase  of  water  to  supply  moisture  to  the 
air,  to  prevent  the  unpleasant  effects  which  would 
otherwise  lie  experienced,  and  which  will  be 
noticed  in  the  following  chapter. 

(.^00.)  In  this  countrj-,  hot-air  stoves  constructed 
of  iron  have  been  usually  employed  for  warming 
large  buildings,  until  the  introduction  of  the  plan 
of  warming  by  steam  and  by  hot  water. 

The  hot-air  stove  is  too  well  known  to  need 
description.  It  may  be  observed,  however,  that 
the  great  defect  of  these  stoves  is  that  they  heat 
the  air  too  highly,  and  thereby  render  it  unwhole- 
some ;  and  whatever  plan  of  construction  tends  to 
increase  the  heated  surface  exposed  to  the  air 
without  increasing  the  size  of  the  fire-box  itself, 
will  of  course  lower  the  temperature  of  ilie  surface 
whidi  heats  the  air,  and  thereby  render  the  3tove 
less  objectionable.  This  has  been  accomplished 
in  a  very  ingenious  manner  by  Mr.  Sylvester,  by 
means  of  covering  the  cast-iron  case,  which  receives 
the  heat  from  the  fire,  with  iron  ribs  projecting 
three  or  four  inches  beyond  the  surface  of  the 
case.  These  ribs  greatly  increase  the  surface, 
and  thereby  reduce  the  temperature,  which  is  the 
great  desideratum  in  these  stoves. 

( 301 . )  The  method  of  heating  by  cockle-stoves  iB 
but  little  more  than  a  modification  of  the  ordinnry 
hot-air  stoves  adapted  to  a  larger  scale.    Mr.  Strutt, 
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|Belper,  in  Derbyshire,  appears  to  have  been  the 
t»t  person  to  introduce  an  improved  method  of 
heating  by  cockle-stoves  ;  and  from  the  year  1792, 
when  he  first  warmed  his  large  cotton  factories  in 
this  manner,  various  improvements  have  been 
made  in  these  stoves,  which,  without  at  all  iiltering 
their  principles,  have  rendered  their  application 
more  general. 

The  cockle-stove  consists  of  a  very  thick  iron 

case,  which  forms  the  top  and  sides  of  the  furnace. 

This  case,  or  cockle,  is  enclosed  in  another  case  of 

brick  or  stone,  placed  so  as  to  allow  a  space  of 

three  or  four  inches,  or  more,   between  them  in 

every  ])art  ;  and  appropriate  openings  are  left  for 

the  admission  of  cold  air  at  the  bottom,  and  for 

the  emission  of  the  hot  air  at  the  top,  which  is 

from  thence  conveyed  through  channels  or  pipes 

to  any  place  which  is  required  to  be  warmed,     A 

vast  number  of  ingenious  contrivances  have  been 

^jroposed  for  the  improvement  of  this  ap|taratU3, 

^K|d  for  many  years  it  was  the  principal  method  of 

^^ptrming  all  the  large  buildings  in  England.     It 

^^■8  been  sometimes  called  the  Helper  stove,  after 

^Be  name  of  the  residence  of  the  inventor.     The 

^pjBvholesome  effects  of  these  stoves,  ho^veve^,  have 

^Kiuaed  them  to  be  now  nearly  superseded  by  the 

use  of  hot-water  j)ipes,  which,  from  their   lower 

temperature,  are  free  from  the  injurious  tendency 

which  the  hot-air  stoves  have  always  been  found 

to  exhibit.* 

(302.)  A  stove  invented  by  Dr.  Nott,  of  Phila- 
delphia, has  l>een  found  to  produce  very  consider- 


*  The  beating  powet  of  these  cockle-atOTes  is  very  con- 
siderable.   M[.  Bylveater  etates,  in  his  work  '■  On  Heatiug  the 
^^    ■  J  Infirmary,"  that  a  cockle  which  has  17  square  feet  of 
i^ticg  surface  warmed  844,000  cubic  feet  of  air  5li°  in  twelve 
ivith  Ibo  consumption  of  60  lbs.  of  coal.    This  is  equal 
:ubia  feet  raieed  1°  per  minute  by  17  square  feet  of 
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able  effect  with  but  small  exiwnditure  of  fuel,  and 
requiring  very  little  attention.  This  stove 
usually  Bomething;  of  a  pyramidical  form.  The 
lower  part,  which  forms  the  fire-box,  is  lined  with, 
fire-bricks,  and  the  stove  is  divided  vertically  into 
two  compartments.  The  fuel  is  put  into  this 
stove  through  an  opening  near  the  top,  which 
forms  a  reservoir  for  the  fuel,  and  occupies  the 
front  part  of  the  stove,  and  the  smoke  paeses 
downwards  through  a  grating  placed  at  the 
bottom,  and  then  escapes  through  the  back  part 
of  the  stove  into  the  chimney.  The  air  for  the 
support  of  the  combustion  enters  the  stove  prin- 
cipitUy  on  the  top  of  the  lliel,  and  a  small  portion 
also  enters  below.  As  the  fuel  burns  but  slowly 
in  consequence  of  the  small  quantity  of  air  ad- 
mitted, the  fire-box  and  reservoir,  when  once 
filled,  will  supply  fuel  for  several  hours,  and  give 
a  very  great  heat.  In  fact,  the  heat  is  generally 
so  considerable,  and  the  air  is  thereby  rendered 
so  arid,  that  it  is  extremely  unpleasant  and  un- 
wholesome to  those  who  are  exposed  to  ita  in- 
fluence. 

(303.)  One  of  the  most  economical  stoves  as 
regards  the  consumption  of  fuel,  that  has  yet  been 
invented,  is  that  which  has  been  introduced  by 
Dr.  Amott,  This  invention  is  an  improvement 
(in  some  respects)  upon  Dr.  Nott's  stove  above 
described,  the  principal  difference  being  the  limiting 
the  admission  of  air  by  which  tbe  combustion 
is  rtgulated,  and  by  separating  tbe  burning  fuel 
more  perfectly  from  actual  contact  with  tbe  heat- 

1) eating- snrf&ce,  or  1,574  cubic  feet  of  air  raised  1°  pet  miDnU 
by  each  sqaare  foot  of  tbe  Eurface  of  ihe  cockle.  Tliis  ii  just 
7  times  the  effect  prodiiceil  by  liot-water  pipes  (See  Art.  99 
and  105) ;  bnt  in  economy  of  foel  it  is  inferior,  being  in  tbe 
proportion  of  about  19  to  22.  For  a  full  deeonption  of  tbe 
oockle-etove,  see  chapter  xi.,  Port  I. 
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ig  surface  of  the  stove,  by   which   means   the 

tcessive  heat  of  Dr.  Nott's  stove  is  in  a  great 

lensure  avoided.     The  plan  used  in  these  stoves 

r  regulating  the  admission  of  air  was,  long  pre- 

[rious  to  its  application  by  Dr.  Arnott,  employed 

for  limiting  the  intensity  of  the  heat  of  furnaces; 

for  which    invention    Dr.   Ure,   some  years  since, 

obtained  a  patent.     Dr.  Arnott's  stove  consists  of 

1  external  case  of  iron,  of  any  shape  that  fancy 

lay  dictate ;  within  this  case  a  fire-clay  box,  to 

'contain  the  fuel,  is  placed,  having  a  grating  at  the 

bottom,  and  a  space  is  left  between  the  fire-box  and 

the  exterior  case,   so  as  to    prevent,    as  much  aa 

jOBsibie,  the  communication  of  too  much  heat  to 

"le  exterior  case.     The  pedestal  of  the  stove  forms 

le  aah-pit,  and  there  is  no  communication  l)etween 

stove    and  the   ash-pit,    except    through    the 

■ating  at  the  bottom  of  the  fire-box.     A  small 

ternal  hole  in  the  ash-pit,  covered  by  a  valve, 

raits  the  air  to  the  fire,  and  according  as  this 

alve  is  more  or  less  open,  the  vividness  of  the 

imbustion  is  increased  or  diminished,  and  thence 

le  greater  or  less  heat   produced   by  the  stove. 

'he  quantity   of  air  admitted    by   this   valve   is 

jveraed  by  a  self-regulating  apparatus,  either  by 

le  expansion  and  contraction  of  air  confined  by 

lercury  in  a  tube,  or  by  the  imequal  expansion  of 

fo  bars  of  diflerent  metals  riveted  together,  on 

le  plan  proposed  by  Dr.  Ure.*    The  smoke  escapes 

through  a  pipe  at  the  back  of  the  stove:  very  little 

smoke,  however,  is  eliminated  from  these  stoves, 


"  This  ingenioiiB  ami  Bimpk  invention  consists  of  two  thin 
SUTOW  hais,  one  of  brass  or  copper,  and  the  other  of  iron, 
about  eighteen  inches  or  more  in  length,  riveted  together  at 
eich  end.  On  eubjeoting  thia  compound  bar  to  heat,  the 
brass  expande  considerably  more  than  the  iron,  bd<1  the 
elongation  of  the  bars  causes  them  to  open  in  the  centre  and 
(cede  from  each  other  (formiug  a  bow),  in  coneequence  of 

X 
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the  fuel  being  always  either  coke  or  anthracite  coal. 
By  adjusting  the  regulator  so  a8  to  admit  only 
a  Binall  quantity  of  air,  the  temperature  of  the  stova 
is  kept  within  the  required  limits;  and  owing  to 
the  slow-conducting  power  of  the  fire-clay,  of  which' 
the  fire-box  is  formed,  the  heat  of  the  fuel  is  con- 
centrated within  the  fire-box,  and  the  fuel  bums 
with  less  air,  and  therefore  more  slowly  than  it 
would  otherwise  do.  This  slow  combustion  of  th« 
fuel,  however,  produces  a  large  quantity  of  carbonio 
oxide,  which  is  liable  to  escape  into  the  room,  and 
being  a  strong  narcotic  poison,  is  attended  with 
considerable  danger  to  those  who  breathe  it.  The 
escape  of  this  gas  from  these  stoves  has  been. 
exjwrimentally  ascertained  by  Dr.  Ure,  by  attaching 
to  the  ash-pit  of  a  stove  a  glass  vessel  containing 
a  solution  of  sub-acetate  of  lead,  which  was  speedily 
acted  upon  Ijy  the  carbonic  gas.  and  formed  into 
the  insoluble  carbonate  of  lead.*  Carburetted 
hydrogen  gas  is  also  frequently  formed  in  these 
stoves,  and  many  dangerous  explosions  have  iu 
consequence  occurred,  and  many  calamitous  'fires 
Lave  been  produced  by  them.  They  require,  there- 
fore, to  be  used  with  the  utmost  caution.  The 
eudeavours  to  prevent  these  explosions  have  hitherto 
been  unsuccessful;  and  so  long  as  the  principle 
of  the  extreme  slow  combustion  and  small  admission 
of  air  is  preserved,  it  will  probably  be  impossible 
to  prevent  them  occasionally  taking  place.  They 
arise  from  the  inhammable  gases  generated  during 
the  combustion  of  the  fuel,  being  detained  in  the 


tlieir  being  riveted  together  at  botli  emls.  The  greater  the 
heat,  the  more  the  ceutree  of  the  bare  recede  from  each  other, 
or  the  greater  the  aro  of  the  bow  becomes;  and  by  com* 
biniug  together  a  series  of  these  baxe,  almost  auy  extent  ot 
motion  may  be  obtained  for  the  purpose  of  opening  or  cloBUtj; 
valves  or  air-paasages  of  furnaces  or  ovena. 
•  Ure'ii  "  I)iotionai7  of  Arts,"  Ac. ;  art.  "  8to»-£." 
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love  and  in  tlie  chimn^,  by  the  want  of  sofficieot 
nngbt:  and  they  are  parliculatiy  liable  to  occar 
■lien  the  chimney  is  very  large,  or  if  it  constflto 
rely  of  au  iron  pipe,  aitd  is  mach  exposed  to  the 
ling  influence  of  the  atmosphere.  In  such  cases 
the  heat  which  escapes  into  the  chimney  is  insuffi- 
cient tf)  cause  the  ascent  of  the  liberated  gases; 
they  therefore  collect  in  the  stove,  or  in  the  chimney, 
una  the  explosive  effects  occnr  whenever  the  air 
and  the  gases  mix  together  in  certain  proportions. 
The  compound  thus  formed  is  similar  to  the  gss 
known  in  mines  by  the  name  of  fire-damp ;  and 
this  mixture  will  explode  wh«iever  the  carburetted 
hydrogen  is  not  less  than  one-twelfth  and  not  more 
iban  one-sixth  of  the  whole  masH.  The  explosion 
of  carbonic  oxide  only  takes  place  nnd»-  [tarticular 
drcuTiiRtances;  but  red-hot  charcoal  will  cause  it 
lo  explode  when  roLted  in  the  proportion  of  two 
uteasures  of  o.\i>le  to  one  of  atmospheric  air.* 
Dr.  Dalton  has  remarked  other  circnmstances  under 
which  this  gas  may  explode  when  mixed  with 
atmospheric  air,  the  carltonic  oxide  being  not  le^a 
Iban  one-lifth.  and  the  oxygen  not  te»s  than  one- 
thirteenth  of  the  whole  mixtnre.f  Many  plan«  to 
reiuedy  the^  evils  hare  Ijeen  proposed,  printnpally 
g  liy  the  admission  c^  air  above  the  fuel  as  well  aa 
gh  the  a»h-pit  In  the  usual  manner:  but 
lonally  this  increa«e«  the  evil,  during  certain 
}  of  the  combustioD,  tboogfa  generally  the 
t  is  to  increiue  the  temperature  of  the  store  to 
i  as  to  render  it  extremely  uopleaaant,  and 
!  to  all  the  ofgections  which  exist  against  the 
d  hot-air  stoves.  The  immense  otmiher  of  s^ous 
ddenti  which  have  occtared  from  these  stoves 
to  render  those  persons  who  use  them 
[idy  carefol.     The  great  source  of  danger 

'  Dt.  Henrr'i "  (^tmattgy."  voL  n.,  p.  U7. 
if  Dr.  Dalun's  » GfaaBical  Fhtlosopky,"  p.  S7S. 
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arises  from  their  fancied  security.  This  erroneous 
notion  has  caused  them  to  be  placed  in  situations 
not  sufiBciently  protected;  and  either  by  explosions, 
or  by  the  stoves  from  accidental  causes  becoming 
red-hot,  many  buildings  have  been  set  on  fire,  and 
most  serious  damage  sustained.* 

(304.)  A  very  excellent  contrivance  for  a  stove, 
which  burns  coal,  and  at  the  same  time  consumes 
its  own  smoke,  was  invented  by  Dr.  Franklin,  in 
the  year  1771.  Nearly  a  century  previous  to  that 
time,  M.  Oelesme,  a  French  engineer,  described  an 
exceedingly  rude  contrivance  on  a  similar  principle, 
which  was  afterwards  mentioned  by  Dr.  Leutmann 
in  a  work  on  stoves,  published  by  him  in  Germany, 
in  1723.  Dr.  Franklin  expressly  acknowledged 
that  this  stove  of  Delesme  gave  rise  to  bis  own 
invention.  This  stove  is  in  the  shape  of  a  large 
vase,  of  which  fig.  53  is  a  section,  and  it  is  fully 
described  in  Dr.  Franklin's  works.f  Near  the 
bottom  of  the  body  of  the  vase  a  grating  c  is  placed, 
on  which  the  fuel  rests,  and  the  top  a  b  opens 
for  the  purpose  of  supplying  the  fuel:  d  is  a  square 
box  forming  the  pedestal  of  the  atove,  at  the 
bottom  of  which  another  grate  is  fixed  to  allow 
the  ashes  to  fall  into  the  box  e.  This  latter  box 
IB    open    at   the    back,    and    communicates    with 

*  The  aatboris  in  possession  ofan  extensive  list  of  accideiits 
oaased  by  these  stoves,  some  involving  total  desti'uction  of 
the  bnildinga,  and  many  more  of  serious  damage.  In  one  of 
the  former  three  hves  were  lost :  and  among  buildings  totally 
destroyed  is  to  be  reckoned  Okehampton  Church,  and  (almost 
beyond  a  donbt)  the  Armoury  at  the  Tower  of  London  tn  1841 ; 
Howth  Castle,  neai-  Dublin ;  Larkfieid  House,  Snasex ;  and  a 
vast  number  of  other  private  and  public  buildings  have  had 
narrow  esuapes  from  destruction  from  this  cause.  Wherever 
these  stoves  are  used,  the  utmoat  caution  ought  to  beobseired 
to  keep  Ihem  insulated  from  everytliing  of  an  inSammabla 
nature. 

t  Franklin's  "  Works,"'  vol.  ii.,  pp.  296—800. 
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3  hot-air  passages  //  and  g  g, 
iirough  which  the  heated  gas- 
eous matter  given  off  from  the 
fuel  paasea  before  it  enters  the 
chimney.  It  will  be  perceived 
that  the  draught  of  this  stove  is 
downieards ;  that  is,  the  air  enters 
at  a  small  hole,  about  one  and  a 
half  inch  diameter,  at  the  top  of  ■--  , 
the  stove,  passes  through  the  fuel   >'    ''  ^  'i 
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1  the  vase,  and  escapes,  together  with  the  gaseous 
ducts  of  the  fuel,  through  the  pedestal  d,  the 
c  E,  and  the  hot-air  passages  //  and  g  g.  That 
irtion  of  the  fuel  which  lies  on  the  grate  c  is 
always  red-hot ;  and  the  smoke  from  any  freah  fuel 
having  to  pass  through  this  heated  medium,  is 
fflnaumed,  and  the  gases  pass  off  in  a  clear  and 
no6t  invisible  state,  so  that  no  smoke  lodges  in 
8  air-passages,  or  in  the  chimney.  Like  all  stoves 
iKth  a  downward  draught,  the  fire  is  troublesome 
to  light  in  the  first  instance ;  but  when  once  lighted, 
it  can  be  made  to  bum  for  almost  any  length  of 
time  without  attention,  by  merely  adjusting  the 
opening  at  the  top  for  the  admission  of  air,  and  the 
consumption  of  fuel  is  extremely  small. 

This  stove,  with  some  slight  alterations,  has  been 

brought  before  the  public  on  more  than  one  occasion 

since  Franklin's  time,  as   a   new  invention;    and 

^within  the  last  few  years  it  has  been  again  brought 

^Bfarward  with  arrangements  very  decidedly  inferior 

^H  those  proposed  by  Franklin.     As  designed  by 

^HUd,  this  stove  is  the  best  and  most  economical  of 

^Kb  class,  superior  to  Dr.  Amott's  stove  in  its  equality 

^Hr  temperature,  economy  of  fuel,  and  permanence 

^^f  action;  though  like  the  latter,  and  all  others  of 

the  same  general  character,  the  want  of  ventilation, 

and   the  peculiar  effects  produced  on  atmospheric 

"r  by  highly  heated  iron,  render  it  undesirable  for 
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constant  use  in  rooms  for  ordinary  and  domestic 
occupation. 

(303.)  The  application  of  a  method  of  burning 
carburetted  hydrogen  or  coal  gas,  for  the  produc- 
tion of  artificial  heat  for  warming  buildings,  is  an 
invention  of  rather  recent  date.  The  apparatus  in 
which  this  is  effected  is  very  simple,  A  metallic 
ring,  pierced  on  its  upper  side  with  a  great  number 
of  holes  of  very  small  size,  is  connected  with  a  pipe 
communicating  with  the  gas  main,  and  is  placed 
within  a  double  drum  or  cylinder  of  iron,  raised  an 
inch  or  two  from  the  floor  on  small  legs.  This 
double  drum  is  so  made  that  there  is  a  space  between 
the  inner  and  outer  cylinder  of  about  two  inches; 
and  in  this  space,  near  to  the  bottom,  the  ring 
pierced  with  holes  is  fixed.  A  stop-cock  in  the  pipe 
connecting  the  pierced  ring  with  the  gas  main  anuta 
off  the  supply  of  gas  when  the  stove  is  not  in  use. 
On  opening  this  cock,  and  applying  a  light  to  the 
pierced  ring,  a  brilliant  ring  of  flame  is  immediately 
produced,  which  soon  warms  both  the  inner  and 
outer  case  of  the  stove  by  the  heat  generated  during 
the  combustion  of  the  carburetted  hydrogen  gae. 
The  top  of  the  drum  is  covered  with  a  large  open 
ventilator,  by  which  the  heated  air  that  paases 
through  the  inner  cylinder  is  allowed  to  escape 
into  the  room ;  but  the  products  of  the  comiiustion, 
having  no  means  of  escape,  pass  downwards  from 
the  bottom  of  the  stove  into  the  room.  This 
having  been  found  exceedingly  unwholesome,  a  plan 
has  been  contrived  by  which  a  considerable  portion 
of  the  products  of  the  combustion  are  carried  off 
by  a  pipe  inserted  between  the  two  cylinders,  which 
conveys  away  the  gaseous  products  into  the 
open  air. 

A  moderate  size  sto^e  of  this  description  bumg 
irom  12  to  15  cubic  feet  of  carburetted  hydrogen 
gas  per  hour  ;  and  this  is  convei-ted  into  two  new 
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compounds — water    and    carbonic-acid    gas.     The 

quantity  of  water  formed  will  be  2'6  cubic  inches 

for  each  cubic    foot  of  carburetted   hydrogen   or, 

about  a  pint  to  a  pint  and  a  quarter  of  water  per 

_hour;  aud  from  12  to  15  cubic  feet  of  carbonic-acid 

kB,  and  eight  times  that  quantity  of  nitrogen,  will 

I  the  constant  products  of  the  combustion,  and 

reduce  the  most  serious  deterioration  in  the  quality 

f  the  air.    When  these  gaseous  products  are  carri- 

1  off  by  a  chimney,  the  loss  sustained  will  be  very 

larly  one-half  the  total  heat  ^vhich  is  produced 

_r  the  burning  of  the  gas. 

t  (306.)  Dr.  Dalton's  experiments  have  proved 
cat  the  combustion  of  one  pound  in  weight  of 
carburetted  hydrogen  generated  sufficient  heat  to 
melt  85  lbs.  of  ice.  A  cubic  foot  of  this  gas  weighs 
292"89  grains  ;  and  a  stove  burning  15  cubic  feet 
an  hour,  for  15  hours  a  day,  will  consume  225 
cubic  feet,  or  9"41  lbs.  of  gaa,  which  therefore 
would  melt  799  lbs.  of  ice;  and  the  cost  of  this 
quantity  of  gas,  at  the  present  price  of  three  shill- 
inga  and  sixpence  per  1,000  cubic  feet,  would  be 
nine  pence  halfpenny.  The  latent  heat  of  water 
being  140°,  the  same  quantity  of  heat  that  would 
melt  799  lbs.  of  ice  would  heat  179'2  cubic  feet  of 
water  10".  And  as  one  cubic  foot  of  water  will 
raise  the  temperature  of  2,990  cubic  feet  of  air  as 
many  degrees  as  the  water  loses  (Art.  97),  the 
combustion  of  225  cubic  feet  of  carburetted  hydro- 
gen gas  would  raise  the  temperature  of  535,808 
cubic  feet  of  air  10".  This,  then,  will  be  the  total 
effect  of  a  stove  of  this  kind.  But  we  find  (Art. 
94),  that  15"91  ll)s.  of  coal  will  produce  exactly  the 
same  quantity  of  heat,  the  cost  of  which,  at  24 
Bhillings  per  ton,  will  be  only  about  twopence.  It 
'|lcrefore  appears  that  the  coat  of  fuel  for  a  gas  stove 
grithout  a  flue  will  be  about  five  times  as  much  as 
Itot-air  stove  that  bums  coal,  and  about  ten  times 
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as  much  as  for  coal,  if  the  gas  stove  has  a  flue  for 
carrying  off  the  products  of  the  combustion.*  Sir 
John  Robison,  who  did  much  to  improve  the  gaa 
stoves,  and  [larticularly  in  applying  them  to  the 
purposes  of  cooking,  in  a  paper  read  before  the 
Society  of  Arts  for  Scotland,  after  describing  some 
of  his  im|)rovementB,  concluded  by  stating,  "  on  the 
whole,  it  may  be  assumed  that  this  mode  of  heating 
apartments  is  the  most  expensive,  the  least  efficient, 
and,  excepting  that  by  Joyce's  charcoal  stove,  the 
most  insalubrious  that  can  be  resorted  to."t 

Since  the  early  editions  of  this  work  were  writ- 
ten, an  improved  method  of  burning  gas,  where 
heat  and  not  light  is  required,  has  been  introduced. 
It  consists  in  mixing  atmospheric  air  with  the  gas 
at  some  distance  before  it  reaches  the  actual  place 
of  combustion.  The  quantity  of  air  thus  mixed 
is  about  twelve  measures  of  air  to  one  of  gas,  and 
by  this  means  the  expenditure  of  gas  is  reduced 
one  half  when  the  same  effect  is  produced.  (See 
Art.  66,  ante.)  Scarcely  any  light  is  produced 
when  gas  is  burned  in  this  way  ;  but  where  heat 
only  without  light  is  required,  the  saving  is  very 
considerable,  the  cost  of  gas  being  then  alwut  three 
times  the  cost  of  coal.J 

•  See  Art.  60,  anfc 

t  Mechatiies'  iiagaxim,  Tol.  xxxu.,  p.  292. 

t  It  may  be  doubted  whether  the  most  economical  method 
of  burniug  gaa  has  jet  been  praotised.  The  burning  of 
"atmoepheric  gas"  in  the  Bunaon  baroer  will  probably  be 
farther  improved  if  the  true  principles  of  combustion  be 
studied.  There  ceui  be  no  true  and  perfect  combuBtion  until 
the  gaseous  produote  attain  a  temperature  of  between  800" 
and  900^  of  Fahrenheit  (art.  391  rt  st^j.).  If  this  heat,  or  any 
ooneiderable  portion  of  it,  could  be  communicated  to  the 
atmospheric  air,  before  it  were  mixed  with  the  carburetted 
hydrogen,  there  is  every  reason  to  snppoao  greatly  increased 
economy  would  be  tho  reanlt.  The  vast  eoouotay  by  the 
use  of  the  "  hot  blust "  iu  the  manufacture  of  iron  is  a  well 
known  acieatiSo  fact :  and  further  that  the  neuriu-  the  tetu- 
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(307.)  The  atove  invented  by  Mr.  Joyce,  for 
ning  charcoal,  has  been  so  universally  admitted 
too  unwholesome  for  use,  that  it  would  be 
almost  unnecessary  to  describe  it,  were  it  not  for 
the  vast  interest  it  excited  on  its  first  announcement 
to  the  jniblic.  The  stove  consists  of  a  thin  metal 
case,  generally  in  the  form  of  an  urn  or  vase. 
Through  the  bottom  of  this,  there  is  a  small  pipe 

,  which  rises  for  two  or  three  inches  into  the  body 
of  the  stove,  and  terminates  about  the  centre  in  a 
conical-shaped  fiinnel,  closed  at  the  top,  and 
pierced  full  of  holes.  This  pipe  convej's  air  to 
the  fuel  ;  and  at  the  top  of  the  stove  there  is  a 
valve  or  regulator,  by  which  the  rate  of  combustion 
can  be  controlled  ;  for  no  more  air  will  enter  the 
lower  pipe  than  is  sufficient  to  replace  the  volume 
of  gas  given  off  from  the  valve  at  the  top  of  the 
stove.  A  small  quantity  of  ignited  charcoal  being 
placed  in  the  stove,  the  remaining  space  is  filled  up 
with  charcoal  not  ignited  ;  and  the  combustion  is 
slowly  carried  on  by  the  air,  which  enters  at  the 
lower  pipe,  and  can  be  continued  for  a  vast  number 
t^hours  without  any  attention.     The  whole  of  the 

"^Tircoal  is  converted  into  carbonic-acid  gas,  the 
s  of  which  are  fatal  to  animal  life.     Little  or 

parfttnre  of  the  air  can  be  raised  to  the  point  of  complete 
oombastion  (800°  or  900°)  the  greater  the  eoonomy  that 
reBults  from  the  operation.  There  in  but  Httle  doubt  that  if 
the  air  admitted  to  the  Buuson  buFDer  could  be  heated  to 
400°  or  500°  Fahrenheit  before  it  entered  into  combination 
wiUi  the  carburetted  hydrogen  gaa  in  the  Bunson  burner,  a 
greatly  increased  economy  would  be  the  result.  It  is  by  no 
means  easy  to  effect  this  process  of  extrincicaUy  heating  the 
air  to  any  considerable  extent,  as  it  involves  many  difficulties 
of  a  practical  character  (see  art.  217,  &c.) ;  but  it  is  pro- 
b»l)le  that  any  considerable  improvement  in  the  combustion 
of  gas  may  be  looked  for  in  this  direction,  if  greater  economy 
in  to  be  obtained,  than  that  which  results  from  the  present 
BoQson  burner,  and  the  employment  of  the  "  atmospheric 
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no  smell  is  emitted  by  these  stoves  ;  the  charcoal 
being  deprived  of  its  usual  pungent  quality  by 
reburning  it  thoroughly  in  a  close  oven,  and 
quenching  it  while  hot  with  an  alkaline  solution, 
uidependent  of  all  other  considerations,  these  stoves 
are  a  moat  expensive  mode  of  producing  heat, 
owing  to  the  high  price  which  charcoal  always 
bears  in  this  country. 

These  stoves  are  remarkable  chiefly  for  the 
extraordinary  interest  they  excited  on  their  first 
introduction  to  public  notice.  Before  the  speci- 
fication for  the  patent  was  enrolled,  one  of  these 
stoves  was  publicly  exhibited  for  several  weeks  ; 
and  probably  no  invention  ever  excited  so  much 
attention  in  so  short  a  time  ;  as  the  nature  of  the 
fuel  and  plan  of  combustion  were  strictly  kept 
secret,  and  it  was  supposed  a  new  era  in  the  pro* 
duction  of  artificial  heat  was  about  to  commence. 
No  sooner  did  the  stoves  come  into  use,  however, 
than  their  deleterious  effects  were  apparent. 
Several  persons  were  suftbcated  by  using  them ; 
and  the  high  ajiticipations  wliich  at  first  were 
entertained  of  them  were  quickly  dissipated,  and 
their  use  reduced  within  very  narrow  limits. 

(308.)  An  immense  number  of  stoves  have  been 
brought  before  the  public  during  the  last  few  years, 
of  which  the  novelty  consists  in  nothing  but  their 
names.  To  describe  them  would  be  useless.  Like 
other  Ephemeral  productions,  they  wUl  mostly 
sink  into  obUvion,  and  probably  be  succeeded  !^ 
others  as  devoid  of  originalty.  There  is  still  room, 
however,  for  great  improvements  in  the  production 
of  stove  beat ;  but,  untU  the  salubrity  of  the  open 
firegrate  can  be  combined  with  the  greater  economy 
of  the  close  stove,  there  does  not  appear  much 
probability  of  satisfying  the  required  conditions, 
as  all  which  have  hitherto  been  invented  are 
deficient  in  one  or  other  of  these  particulars. 
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(309.)  The  same  objections  also,  to  a  greater  or 
less  extent,  apply  to  all  the  methods  of  heating  by 
flues.  The  extremely  unequal  temperature  of  the 
Hues  causes  an  insurmountable  objection  to  their 
eeneral  adoption,  even  if  their  great  expense  and 
fficulty  of  adaptation  to  dwelling-houses  or  pub- 
b  buildings  did  not  operate  against  them.  One 
I  the  best  systems  of  flues  was  proposed  a  few 
(ars  since,  by  Mr.  Alfred  Beaumont,  in  which 
£  principal  novelty  consisted  in  the  furnaces 
^feng  built  aboi!<:  the  flue  and  having  a  down- 
)ard  draught.  By  this  means  the  smoke  i'rom  the 
'  J  was  nearly  or  quite  consumed,  and  a  very  great 
1  of  common  flues  thereby  prevented;  as  the  sur- 
e  of  the  flues  being  by  this  means  free  from  soot, 
aich  is  a  non-conductor  of  heat,  a  more  free  distri- 

Btion  of  heat  took  place  than  by  the  old  flues,  and 

the  fire  was  also  much  more  under  control.  The 
principle,  already  described,  for  downward  draughts 
applies  equally  to  this  plan.  The  furnace  (in  some 
^Hues)  was  merely  a  circular  hole  sunk  ui  the  floor, 
^^Bout  two  or  three  feet  deep,  The  bottom,  when  in 
^^pie,  was  a  solid  plate;  which  was  moveable,  to  take 
away  the  ashes.  About  three  inches  from  the 
bottom  there  was  an  entrance  into  the  flue ; 
through  this  the  flame  and  the  products  of  com- 
bustion passed  to  the  flues,  and  the  fire  being 
always  Ijright  at  the  bottom,  the  combustible 
gases  froi»  the  Jresh  fuel,  by  |»assing  through  this, 
were  converted  into  other  products,  which  did  not 
deposit  smoke.  In  other  cases,  a  stove  made  of 
fire-clay  was  raised  on  the  floor ;  and  the  flame 
and  heated  gases  passed  into  the  flues,  which 
formed  the  stone  flooring  of  the  room  to  be  heated. 
In  all  tliese  cases,  the  principle  was  the  same ; 
and  several  public  buildings  were  heated  on  this 
plan,wluch  is  probably  the  l>est  of  any  system  of  flues. 
The    Palmaise    system  of  heating   was,   a  few 
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years  since,  a  great  favourite  with  some  persona 
who  anticipated  from  it  results  which  a  very- 
slight  acquaintance  with  true  science  would  have 
shown  to  be  utterly  fallacious.  This  plan  was  in 
reality  nothing  more  than  the  old  mode  of  flue- 
heating,  with  a  very  slight  modification  in  the 
form  and  construction  of  the  furnace.  The  plan 
is  now  so  completely  abandoned,  that  it  hardly 
merits  more  than  a  very  casual  description.  The 
furnace  was  merely  a  plain  square  or  oblong  box 
of  fire-hriok,  with  a  strong  cast-iron  plate  forming 
the  entire  top  ;  and  beyond  this  were  the  usual 
flues,  such  as  ordinarily  used  in  the  old  plan  of 
heating  green-houses.  The  only  novelty,  there- 
fore, consisted  in  using  a  cast-iron  plate  to  cover 
the  top  of  the  furnace ;  and  this  plate  becoming 
intensely  heated,  the  air  was  brought  in  a  con- 
tinued stream  over  it,  thus  imbibing  heat  in  its 
passage  into  the  room  or  building  to  be  heated. 
It  is  useless  to  point  out  the  defects  of  this  plan  ; 
they  were  numerous  and  palpable.  It  combined 
all  the  defects  of  the  old  flue  system,  added  to 
those  of  the  cockle-stove,  and  others  peculiar  to 
iteell",  arising  from  its  primary  construction,  which 
rendered  it  so  liable  to  accident  and  derangement 
that  it  was  found  utterly  valueless  for  any  prac- 
tical purpose.  Its  name  was  derived  from  a  small 
town  in  Scotland,  where  this  particular  form  of 
flue-heating  was  first  used  ;  and  its  tsupposed 
cheapness  of  construction  obtained  for  it  at  first 
many  advocates,  who,  however,  shortly  found 
that  its  want  of  durability  rendered  it  imsuitable 
for  general  use,  while  in  other  respects  it  was 
decidedly  inferior  to  the  old  system  of  heating  by 
flues.  During  its  short-lived  popularity  it,  like 
many  preceding  inventions,  was  supposed  to  be 
the  perfection  of  economy  and  efliciency,  which 
belief  was  soon  dissipated  when  the  apparatus  was 
applied  to  general  use. 


CHAPTER  III. 
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Oione — Decomposition  of  Eitraneous  Matter  in  tlio  Air — 
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Beall 


(310.)  Probably  no  Bu^ject  connected  with  the 
lalth  and  vigour  of  the  mind  and  body  deserves 
more  and  receives  less  atteotion  than  the  condition 
of  the  internal  atmosphere  of  our  houses  and 
apartments.  Attempts  are  indeed  occasionally 
made  to  introduce  some  system  of  ventilation  in 
public  buildings,  but  they  are  far  more  frequently 
unsuccessful  than  otherwise,  in  consequence  of  the 
arrangements  not  having  formed  any  part  of  the 
original  plan,  and  being  mere  additions  of  a  very 
imperfect  character.  In  private  dwellings,  ventila- 
tion appears  never  to  be  considered  as  at  all 
necessary  ;  but  if  tlie  contaminations  and  impurities 
^t  are  frequently  contained  in  the  air,   which 


318 


VENTILATION. 


forms  the  pabulum  vitce  of  human  beings,  could  he 
seen  by  the  eye,  in  the  same  way  as  contaminations 
or  impurities  in  ordinary  alimentary  food,  the  evil 
would  not  be  endured  for  even  the  smallest  period 
of  time. 

(311.)  The  real  constitution  of  the  atmosphere 
has  been  known,  comparatively,  but  a  short  time ; 
the  experiments  of  Priestley,  Scheele,  and  Lavoisier, 
in  the  latter  part  of  the  last  century,  having  first 
made  known  its  true  nature.  More  than  twenty 
centuries  previously,  however,  Hippocrates  wrote 
80  justly  on  the  immense  importance  of  breathing 
pure  air,  of  the  great  influence  which  it  exerted  on 
health  and  longevity,  and  laid  down  such  excellent 
rules  upon  the  subject,  that  few  writers,  even  of 
the  present  day,  appear  to  have  more  correct  notions 
of  the  vast  and  important  effects  which  the  air 
produces  on  the  human  frame,  than  were  posnessed 
by  this  great  father  of  medicine.*  Agricola,  how- 
ever, in  the  sixteenth  century,  a|»pears  to  have  been 
the  first  writer  on  artificial  ventilation;  he  having 
recommended  the  ventilation  of  mines  by  producing 
a  current  of  air  by  fire,  much  in  the  same  manner 
as  has  been  practised  in  tlie  ordinary  ventilation  of 
mines  ever  since  his  time.  Nothing  of  any  consider- 
able importance  occurred  after  this,  until  DesaguUera 
in  1727  proposed  a  ventilating  pump.f  which  some 
years  afterwards  Dr.  HalesJ  applied  in  a  better 
manner,  and  to  a  considerable  extent,  in  the 
ventilation  of  ships,  hospitals,  prisons,  and  other 
places,  which  were  found  to  be  unwholesome  by 
confined  air.  In  1734,  DesaguUera  invented  a 
centrifugal  ventilating  wheel,  or  fan  ;  and  in 
1739  Sutton  proposed  a  plan  of  ventilating  ships, 

•  "  Hippocrates. "  lib.  "  De  Aere.  Aquis,  et  Loois." 
+  Fliilosopkical  Tranaaciions,  1727,  vol.  xsxv..  p.  363. 
;  ibid.,  17  J3 ;  and  Dr.  Hales  "  On  Ventilators."    London, 
1743. 
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which  consisted  in  drawing  the  air  required  for 
the  combustion  of  the  fuel  in  the  ship's  cooking 
apparatus,  through  pipes  leading  from  the  hold, 
and  other  confined  places,*  precisely  on  the  same 
plan  that  has  been  repeatedly  adopted  since  his 
time,  and  has  also  been  applied  (in  the  year  1836) 
to  the  temporary  Houses  of  Parliament.  Since  the 
'  ne  of  Hales,  many  plans  have  been  proposed  for 
Wtilating  biiildings,  but  they  are  mostly  modifi- 
tions  of  one  or  the  other  of  the  methods  here 
JBcribed ;  and  these  methods,  if  properly  applied, 
I  amply  sufficient  to  accomplish  all  that  is  re- 
bired. 

i(3l2.)  Few  persons  have  any  notion  of  the  vast 
tosetpiences  which  result  from  impure  air ;  and 
7  seriously  the  duration  of  human  life  is  aft'ected 
r  want  of  proper  attention  to  this  important  sub- 
Dr.  James  Johnson,f  speaking  of  the  effects 
\  impure  air,  says,  "  that  ague  and  fever,  two  of 
le  most  prominent  features  of  the  malarious  in- 
fluence, are  as  a  drop  of  water  in  the  ocean,  when 
compared  with  the  other  less  obtrusive  but  more 
dangerous  maladies  that  silently  disorganise  the 
vitfd  structure  of  the  human  fabric,  under  the 
influence  of  this  deleterious  and  invisible  poison;" 
and  ex]>erience  proves  that  multitudes  shorten 
their  lives  by  breathing  impure  air,  and  many 
more  lay  the  foundation  of  diseases,  accompanied 
by  years  of  pain  and  sorrow,  by  neglecting  to 
avftu  themselves  of  the  bountiful  provision  of 
nature,  which  spontaneously  affords  to  all  who 
choose  it,  an  unlimited  supply  of  this  important 
element,  and  requiring  merely  an  unrestricted  and 
free  |)assage  to  diffuse  itself  abundantly  hi  every 
^direction. 

'  PhUoiopHcal  Transactions,  V}\2,  vol.  slii.,  p.  42. 
"  Diary  of  a,  PhilosopLor." 
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(313.)  The  powerful  effects  which  are  produced 
on  the  animal  functions  by  certain  deleterious  gasM 
are  very  imperfectly  known,  as  they  are  genernlly 
found  in  so  diluted  a  state  as  to  render  their  action 
slow  and  almost  imperceptible.  But  to  lie  aware 
of  their  real  nature  and  influence,  we  should  Be« 
their  effects  in  a  more  concentrated  form.  Dr. 
Christison,  in  his  work  on  Poisons,  quotes  from 
Hall^  a  description  of  the  effects  of  the  gaaea 
from  the  fosse  d'Ai.m?ice  of  Paris,  on  those  who 
inhale  them  ;  and  Dr.  Kay  gives  the  following 
account  of  them  in  his  work  on  Asphyxia.* 
'■  Often  the  uidividiial  exposed  to  them  perishes 
in  a  moment,  hi.s  head  and  arms  falling,  and  the 
trunk  being  doubled  up  from  the  instantaneous  loss 
of  muscular  power.  If  death  does  not  iminediarelv 
occur,  the  victim,  when  he  recovers  from  the  first 
effects  of  this  exposure,  is  affected  mth  pains  in 
the  head,  nausea,  fainting  fits,  severe  pains  in  the 
Btomach  and  limbs,  and  constriction  of  the  throat. 
Sometimes  he  utters  involimtary  cries,  or  lapses 
info  delirium,  accompanied  with  the  sardonic 
laugh  and  convulsions,  or  tetanus  ensues.  The 
face  is  pale  ;  the  pupil  dilated  and  motionless; 
the  mouth  filled  with  a  white  or  bloody  froth; 
respiration  convulsive ;  the  pulsation  of  the  heart 
irregular;  the  skin  cold;  until  at  length  complete 
asphyxia  and  death  terminate  the  scene  of  suffer- 
ing." The  gases  which  produce  these  effects  are 
combinations  of  ammonia,  euljthuretted  hydrogen, 
and  nitrogen ;  and  all  these  gases  are  occasionally 
to  be  found  in  the  contaminated  air  of  close  ill- 
ventilated  rooms,  though  of  course  in  smaller 
quantities.  The  effects  of  climate  are  of  the  same 
kind.  The  impurity  of  the  air  in  certain  localities 
produces  the  most    frightful    results.     Cretinism, 

•  Dr.  Eay'B  "  Physiology  and  Treatment  of  Asphyxia," 
p.  826. 
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hough  its  cause  is  not  positively  ascertained,  is 
iMcribed  by  medical  writers  to  confined  air  and 
other  agencies  ;•  and  bo  frightful  and  revolting  ia 
this  state  of  degeneracy  of  both  body  and  mind, 
that  Dr.  James  Johnson's  description  of  the  diseaae 
fully  realises  the  character  which  he  has  given  it 
that  "Goitre  (or  the  enlarged  neck),  on  such  a 
scale  as  we  see  in  the  Vallais,  is  bad  enough  ;  but 
Cretinism  is  a  cure  for  the  pride  of  man,,  and  may 
here  be  studied  by  the  philosopher  and  physician 
on  a  large  scale,  and  in  its  most  frightful  colours/'f 
The  picture  is  almost  too  frightful  to  copy,  and  is 
only  second  to  his  description  of  another  scourge. 
Pellagra,  arising  from  the  same  cause,  which  afflicts 
nearly  one  seventh  of  the  inhabitants  of  the  Lom- 
l>ardo*Venetian  Plains,^  and  the  wretched  victims 
of  which  rot  away  in  a  state  so  painful  and  disgust- 
ing, that  the  description  absolutely  sickens  the 
reader,  and  prepares  him  for  the  announcement 
that  multitudes  of  these  wretched  beings  end  their 
state  of  hopeless  misery  by  committing  suicide, 
which  they  generally  do  by  drowning. 

(314.)  The  statistical  reports  laid  before  Parlia- 
ment by  the  War  Office,  on  the  sickness  and  mor- 
tality of  the  troops  of  the  United  Kingdom  stationed 
in  different  parts  of  the  world,  prove  most  clearly 
tlie  immense  effect  upon  human  life  produced  by 
>maU  and  almost  inappreciable  ditferenccs  in  the 
ijiiality  of  the  atmosphere.  For  on  the  same  class 
of  persons  j)erforraing  the  same  duties,  and  placed 
as  nearly  as  possible  in  the  same  circumstances,  the 
average  mortality  varies  in  different  parts  of  the 
world  from  1'37  per  cent,  per  annum  to  66"83  per 
cent,  per  annum;  or  the  mortality  is  nearly  forty- 

•  Dr.  Hftwkiua'a  "  Medical  Statiatics,"  p.  198. 
f  Dr.  James  Johusoa's  "  Chasge  of  Air ;  or,  the  Farsait 
of  Health,"  Ac,  p.  56. 
;  im.,  p.  75. 
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nine  times  as  great  in  some  localities  as  in  others. 
The  morbific  influence  of  certain  gaseous  emanations 
from  the  earth,  in  various  parts  of  the  globe,  is  well 
known.  "  The  banks  of  the  Nile  alxiut  Sennaar," 
says  Bruce,  "  resemble  the  pleasantest  part  of  Hol- 
land in  the  summer  season;  but  soon  after,  when  the 
rains  cease,  and  the  sun  exerts  his  utmost  influence, 
the  dora  begins  to  ripen,  the  leaves  to  turn  yellow 
and  to  rot,  the  lakes  to  putrify,  smell,  and  be  full 
of  vermin,  and  all  this  beauty  suddenly  disappears 
— bare-scorched  Nubia  returns ;  and  all  its  terrors 
of  poisonous  winds  and  moving  sands,  glowing 
and  ventilated  with  sultry  blasts,  which  are  iol 
lowed  by  a  troop  of  terrible  attendants — epilepsies, 

*  These  reportiB  present  the  result  of  ttventy  years'  obser- 
vation, and  were  lajd  before  Parliament  in  the  years  163H, 
1889,  and  1840,  being  respectively  for  "  The  West  Indies," 
"Tbe  United  Kingdom,  tlie  Mediterranean,  and  Britisli 
America ; "  and  "  Western  Africa,  the  Manritius,  &o."  The 
following  list  is  extracted  from  these  reports,  and  gives  tJia 
mortality  pFr  cent,  ptr  annum,  amoDg  white  troops  only,  el- 
elusive  of  native  troops : 


Per  Cent. 

TvCml 

BritiBh  Guiana 

.     8-4 

Sierra  Leone 

4a-8 

Trmidad     . 

.  10'63 

Gape  Coast  Oostle       . 

66-88 

Tobago 

.  15'2S 

St.  Helena 

8-8 

Grenada     . 

.     6-18 

Cape  of  Good  Hope     . 

in 

Bt.  Vmcent's 

.     0-49 

Cape  of  Good  Hope, 

Barbadoea 

.     5-85 

Frontiers 

0-9* 

St.  Luoia   . 

.  12-28 

Mauritius  . 

271 

Dominica  . 

.  13-74 

Ionian  Islands    . 

a-fia 

Autigna,  &c. 

.     4-06 

New  Brunswick  . 

1-4T 

St.  Kitts    . 

.     7-10 

United  Kingdom 

1-4 

Jamaica 

.  12-lS 

Canada 

i-fii 

These  interesting  reports  give  many  particulars  relating  (a 
the  chmate  of  each  place.  Tbe  principal  characteristic  of 
Sierra  Leone  and  Cape  Coast  Castle  is  the  extreme  humidity 
of  tbe  atmosphere.  In  the  year  182S  upwards  of  818  tuoliu 
of  rain  fell  in  three  mouths  at  the  former  place  ;  and  in  tL« 
following  year  the  quantity  was  144 1  inches  in  six  montlis ; 
but  owing  to  the  registers  being  imperfect,  the  annual  mean, 
quantity  has  not  been  exactly  ascertained. 
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apoplexie8,vioIentfevers,  obstinate  agues,  and  linger- 
ing and  painful  dysenteries,  still  more  obstinate  and 
mortal.*  So  pestilential  is  this  spot,  that  "no 
horse,  raule,  ass,  or  any  beast  of  buraen  will  breed 
or  even  live  at  Sennaar,  or  many  miles  roimd  it. 
Poultry  does  not  live  tiiere.  Neither  dog  nor  cat, 
sheep  nor  bullock,  can  be  preserved  a  season  there. 
They  must  all  go  every  linlf-yoar  to  the  sands."f 
Dr.  James  Johnson's  graphic  account  of  the 
Campagna  di  Roma.J  and  its  poisonous  exhalations, 
and  Signor  Gaetano  Giorgini's  account  of  some 
other  pestiferous  localities, §  give  a  sufficient  idea 
of  the  eft'ects  of  apparently  small  corruptions  of  the 
atmosphere.  And  these  accounts,  to  which  vast 
Hjiounbers  of  others  might  be  added,  all  prove  how 
^H^  small  an  alteration  in  the  constitution  of  the 
V.Atzuosphere  materially  affects  the  health  of  all  who 
expose  themselvesto  its  influence.  Professor  Daniell 
has  lately  ascertained  some  facts,  which  render  it 
probable  that  many  of  the  localities  desolated  by 
malaria  owe  their  unwholesomeness  to  small  quan- 
tities of  sulphuretted  hydrogen,  produced  by 
decomposition  of  the  sulphates  contained  in  sea- 
water  by  decayed  vegetable  matter.  [| 

(315.)  We  have  seen  the  effect  of  climate  on  the 
military,  by  the  returns  from  the  War  Office,  already 
alluded  to.  The  duration  of  life  among  the  inhabi- 
tants of  different  countries  is  not  less  remarkable. 
The  average  deaths  annually,  throughout  Kngland 
^U|id  Wales,  are  in  the  proportion  of  one  f  ^r  every 

*''  •  Eruce'a  "Travels,"  vol.  yi.,  p.  887. 
t  Ibid.,  vol.  vi.,  p.  881. 

£  Dr.  Jomos  JoluiBon's  "Change  of  Air,"  &e.,  pp.  117  and 
810. 

Aim.  df  Chimi*,  vol.  siii. ;  also,  London  and  EdinhuT^h 
nophioaX  Magatint,  vol.  sis.,  p.  15. 

Dwiiell  "  On  Sulphuretted  Hydrogen,"  &o. ;  London  and 
wgh  Phiiotophical  Magazine,  vol.  six.,  pp.  1 — 19. 
y    2 
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sixty  inhabitants;  and  they  vary  in  every  country,' 
being  nearly  three  times  more  numerous  in  sonH 
parts  of  Europe  than  in  England.  Very  remarkabl 
differences  occur  also  in  localities  differing  but  ver 
little  from  e^ch  other.  M.  Quetelet,  in  his  celebrata 
Work  on  Man,  states,  in  reference  to  the  effects 
climate  on  the  duration  of  life,  that  the  deaths 
annually  in  the  different  localities  are  as  follow 

Sepaitmeut  de  I'Ome     .  1  death  in  every  62-4  inh&bitanta, 

„         do  Finisterre  1  „  30-4 

Pforince  of  Namor    .     .  1  .,  51'8 

„       of  Zealand       \  .  ag  c 

(Netherlands)     J  '  "  ■^'' ^ 

This  great  excess  of  mortality  in  the  last-named 
place,  Jl.  Quetelet  attributes  to  the  extreme  aiid 
constant  humidity  of  the  atmosphere,  which  pro* 
duces  an  immense  number  of  fevers  and  otba 
maladiee.f      The  observations   of  M.  Bossi  alM 

•  Dr.  Hawkins,  in  his  "  Medical  Statistica,"  pp.  80—71 
gives  the  hWovf'ms  average  of  the  annual  deaths  in  i'~ 
localities ; — 


England 

I  in  60 

Naples 

1  m» 

Pays  de  Vaud       . 

1  in  49 

Leghorn     . 

1  in  8t 

Sweden 

1  in  48 

London 

1  in  40 

Holland 

1  in  48 

1  in7< 

France 

1  in  40 

Bimuogham 

1  inO 

Prussia 

1  in  35 

Paris  and  Lyons 

1  is  n 

Kingdom  of  Naples 

1  in  86 

SUaeburg&  Barcelona  1  in  8S 

Wurtemberg 

1  in  38 

Birlin 

1  in  H 

Russia  . 

1  in  41 

Madrid 

1  in  a 

Venetian  Provinoes 

1  in  28 

Rome  . 

1  in  81 

United  States 

1  in  40 

AmHt«rdam 

1  in  24 

Nice     . 

1  in  81 

Vknna         , 

1  in  ill 

This  average  for  England,  which  is  stated  to  extend  to  ll 
year  1821,  doea  not  qnite  agree  with  more  recent  caloolatioil^ 
founded  on  the  Report  of  the  Registraf'General ;  and  ll 
difference  probably  ariaes  from  aome  variations  in  flia  mO 
of  taking  the  averagea. 

t  Qnetelet  "  Bar  I'Homme,  et  le  Develop pemest  de  s 
Faflultes,"  &o. ;  and  Lomion  Statiitical  Journal,  vol.  i.,  p.  171 
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confirm  this  opinion  ;  for,  by  dividing  the  Departe- 
meat  de  tAin  into  four  districts,  he  found  the  deaths 
annually  to  be  as  follow:* 

lu  the  MouatamouB  Parts  .  1  death  in  ever;  88'3  inhabitants. 

On  the  £anka  of  the  Rivers  1  „  26-6  „ 

On  the  level  Ports  sown  )  ,  „,  „ 

with  Corn j  1  ■■  ^^'^ 

In  Parts  interspersed  with  1  ,  g_  „ 

Ponds  and  Marshes      ■  i  "  " 

And  it  can  be  shown  that,  in  England  also,  the  rate 
of  mortality  follows  nearly  the  same  ratio,  from  the 
same  causes  if  and  in  the  reports  on  the  mortality 
among  troops  already  alluded  to,  the  excessive 
unwholesomeness  of  some  particular  districts  is 
attributed  entirely  to  the  excessive  moisture  of  the 
atmosphere,  particularly  when  accompanied  by  high 
temperature.  All  physiologists  have  agreed  as  to 
the  injurious  effects  of  a  heated  atmosphere  saturated 
with  moisture,  Hippocrates,  by  a  comparison  of 
the  prevailing  diseases  with  the  state  of  the  weather, 
and  particularly  as  respected  the  moistm-e  of  the 
air,  drew  conclusions,  which  the  observations  of 
succeeding  ages  have  fully  confirmed.  Excessive 
dryness,  however,  not  less  than  an  extraordinary- 
degree  of  moisture,  equally  destroys  the  salubrity 
of  the  air;  though  the  diseases  produced  by  these 
opposite  states  are,  as  might  be  imagined,  of  a  very 
different  character.  J  The  monsoon,  or  rainy  season 
of  India,  the  campsin,  or  southerly  wind  of  Egypt, 
and  the  simoon,  or  hot  wind  of  the  Asiatic  continent, 

•  Lotidon  Statistical  Journal,  Tol.  i.,  p.  177. 

f  Dr.  Baokknd,  at  a  public  meeting  (March,  184t)  stated 
that  in  the  pariah  of  St.  Marg&ret'a,  Leicester,  containing 
S2,000  inhabitants,  one  port  was  e&otuolly  drained,  some 
parts  partially  so,  and  others  not  at  all.  In  the  latter  the 
average  duration  of  life  is  Vdi  years,  while  in  those  parts 
partiaJly  drained  the  average  duration  is  22^  years. 

;  Dr.  ArbuthBOt, "  On  the  effects  of  Air  on  Human  Bodies ; " 
^Md  Dr.  Paris,  "  Fharmacologia,"  vol.  i.,  p.  197,  926,  &o. 
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more  rapidly  destructive  than  either  of  the  others, 
and  which  sometimes  strikes  down  its  victlma  with 
instant  death,  are  some  among  the  numeroos 
instances  which  might  be  adduced  to  prove  the 
effects  of  various  excessive  degrees  of  heat,  moisture, 
and  dryness  of  the  air,  upon  the  animal  system. 

(316.)  The  effects  produced  on  the  hygrometric 
condition  of  the  air  by  various  modes  of  artificial 
heat  are  of  much  importance.  Dr.  lire  has  described* 
the  resultofhis  examination  into  the  effects  produced 
upon  a  great  numl)er  of  the  gentlemen  in  the  Long 
Room  of  the  Custom  House,  London,  arising  from 
the  use  of  the  powerful  hot-air  or  cockle-stoves, 
used  for  heating  that  establishment.  He  found 
they  were  all  affected  with  the  same  sensations  and 
complaints ;  tension  or  fulness  of  the  bead,  flushings 
of  the  countenance,  frequent  confusion  of  ideas, 
remarkable  coldness  and  langour  in  their  extremities, 
feeble  pulse,  and  other  sensations  of  an  unpleafiant 
character.  The  stoves,  he  found,  were  frequently 
red  hot.  and  the  air  passing  over  them  was  some- 
times heated  to  110°,  and  was  thereby  rendered 
intensely  dry.  The  animal  and  vegetable  matters 
floating  in  the  air  were  decomposed,  and  imparted 
a  disagreeable  smell  to  the  atmosphere.  This 
apparatus  was  found  to  be  so  pernicious  that  it  was 
removed,  and  a  different  mode  of  heating  adopted. 
But  these  effects,  described  by  Dr.  Ure,  are  by  no 
means  uncommon.  The  author  examined  a  scuiool 
heated  in  the  same  manner;  and  it  was  found  to 
be  so  pernicious  to  the  health  of  the  children,  thai 
they  occasionally  dropped  off  their  seats  in  faintina 
fits;  and  when  this  did  not  occur,  they  suffered 
80  much  by  the  debilitating  efl'ects  of  the  intensely 
heated  atmosphere,  that  they  constantly  required 
the  relief  of  going  for  a  few  minutes  into  the  fresh 
air.  The  usher  of  the  school,  a  strong,  healthy 
*  PhUotojihical  Tramactions,  Jane,  1B86. 
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yoimg  man,  also  suffered  in  the  same  way ;  aii J  on 
one  occasion  he  fainted  away  in  the  school-room, 
and  it  was  with  difficulty  that  animation  was  restored. 
These  pernicious  effects,  though  generally  in  a  some- 
what less  degree,  always  result  from  the  use  of 
intensely  heated  metallic  surfaces.  They  are,  how- 
ever, much  modified  by  tempering  the  air  by  the 
evaporation  of  water.  In  Russia  and  Sweden,  the 
nea,  and  other  places,  where  close  stoves 
used,  an  earthem  vessel  of  water  is  always 
__  'on  the  stove  for  this  purjjosc,  and  greatly 
mitigates  the  oppressive  effects  which  would  other- 
wise be  experienced.  The  desiccating  power  of 
the  air  increases  with  its  temperature,  to  a  very- 
great  extent.  Air  at  32"  contains,  when  saturated 
with  moisture,  f^th  of  its  weight  of  water;  at  59°, 
it  contains  4th;  at  86",  it  contains  i,th;  its  capacity 
for  moisture  being  doubled  by  each  increase  of  27° 
of  Fahrenheit.*  But  when  air  is  heated  artificially, 
without  being  in  contact  with  water,  it  is  prevented 
3m  acquiring  this  additional  quantity  of  vapour, 
id  it  then  possesses  a  harsh  and  arid  feel,  the 
fects  of  which  we  have  already  seen.  This  extreme 
aridity  of  the  air  causes  it  rapidly  to  absorb  moisture 
from  the  skin  and  lungs  of  jiersons  exposed  to  its 
influence;  and  the  evaporation,  by  its  refrigerating 
2Ct,  contracts  the  blood-vessels  at  the  surface, 
lile  other  parts,  not  being  exposed  to  this  influence, 
xime  in  consequence  surcharged  with  the  fluids 
which  are  repelled  from  the  extremities.f 

(317.)  A  comparison  of  the  dew-point  of  the  air, 

luade  at  those  seasons  of  the  year  which  are  the 

iBt  salubrious  and  agreeable,  shows  that,  in  rooms 

.ilicially  heated,  the  most  healthy  state  of  the 

losphere  wiU  be  obtained  when  the  dew-point 

*  Leslie  "  On  Heat  and  MoiBtore,"  p.  123. 

t  Ure  "On  VentUation,"  &o. :  FhiloMpkicaL  Transacliom. 

1886. 


Witt 


mad 
■ttni. 
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of  the  air  is  not  less  than  10°,  nor  more  than  20" 
Fahrenheit,  lower  than  the  temperature  of  the  room. 
When  these  limits  are  exceeded,  the  air  will  lie 
either  too  dry  or  too  damp  for  healthy  and  agree- 
able respiration;  and  attention  to  the  hygrometric 
condition  of  the  air  would,  perhaps,  tend  more  to 
the  amelioration  of  that  numerous  class  of  pulmonnry 
complaints  which  so  peculiarly  distinguish  the  in- 
habitants of  this  country,  than  any  other  remedial 
measure, 

Tiie  quantity  of  vapour  contained  in  the  free 
external  atmosphere,  is  found  to  average  throughout 
the  year  82  per  cent,  of  the  total  quantity  it  can 
contain.  This,  therefore,  should  be  the  quantity  that 
we  should  endeavour  to  maintain  in  artificially 
heated  rooms.  In  the  extensive  experiments  mode 
by  Mr.  Goldsworthy  Gumey  in  heating  the  House 
of  Lords,*  it  was  found  that  when  the  temperature 
of  the  House  was  fi4°  Falirenhcit,  the  most  agree- 
able condition  of  the  air  was  obtained  when  the 
degree  of  moisture  coincided  with  that  shown  by 
Mason's  Wet  and  Dry  Bulb  Hygrometer,  when  the 
difference  between  the  two  bulbs  varied  from  3  to 
9  degrees.  This  reading  of  the  hygrometer  would 
therefore  agree  with  a  dew-point  varying  from  6  to 
16  degrees  below  the  temperature  of  the  room,f 
In  large  assemblages  of  people,  such  as  the  Houses 
of  Parliament,  the  Courts  of  Law,  and  other  places 
occupied  for  many  hours  consecutively,  it  is  most 
important  that  the  dew-point  of  the  air  should  be 
properly  regulated,  as  it  exercises  a  moat  serioaB 

•  Parliamc<utary  Report.  Augnat,  1857.  "  On  Wanniiig 
and  Ventilating  DwellingB,"  p.  129, 

t  Bee  Glftisher's  Hygrotnetric  Tables,  Also  Quarterly 
Journal  of  Science  (1820),  vol.  Tiii,,  p.  208,  for  Professor 
D&DJell's  account  of  his  new  Hygrometer,  and  tlie  method  uf 
calculating  from  it  the  qaantity  of  ynpoiir  in  the  air,  cor 
ponding  with  any  given  dew  point. 
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ifluence  on  the  mental  activity  aa  well  as  the  bodily 
powers  of  those  exposed   to    its   influence.      Old 

Eeople,  and  those  of  delicate  constitution  or  impaired 
ealth,  cannot  bear  so  low  a  dew-point  of  the  air — 
that  is,  air  with  eo  large  a  difference  between  the 
actual  temperature  and  the  dew-point — as  those 
who  are  younger  and  more  robust.  When  the 
dew-point  is  low,  the  air  carries  away  both  from 
the  lungs  and  from  the  akin,  a  larger  portion  of 
moisture  than  is  agreeable  or  healthy  for  an  old 
person,  or  one  in  infirm  health.  For  this  reason, 
a  higher  dew-point  would  probably  be  required  in 
the  House  of  Lords  than  in  the  House  of  Commons; 
and  hence  the  rather  high  range  of  the  dew-point 
noted  in  the  House  of  Lords  by  Mr.  Goldsworthy 
Gurney,  in  his  experiments.     (Art.  330). 

(318.)  The  decreased  consumption  of  oxygen, 
when  a  highly  heated  atmosphere  is  breathed,  is 
also  another  circumstance  which  exerts  considerable 
influence  on  health.  The  experiments  of  Seguin, 
Crawford,  and  De  la  Roche,*  on  this  subject,  show 
&at,  under  these  circumstances,  the  blood  is  not  so 
thoroughly  decarbonised  as  when  a  colder  atmos- 

'lere  is  breathed;  and  this,  as  we  shall  presently 
,ve  occasion  to  show,  quickly  operates   on   the 

lervons  system,  affecting  the  animal  functions  aa 
well  as  the  mental  faculties.  In  winter,  fully  one- 
eighth  more  oxygen  is  consumed,  than  in  the 
summer  during  the  same  period.f 

(319.)  The  contamination  of  the  air,  produced 
by  respiration  and  by  artificial  heat  and  com- 
bustion is  very  considerable.  Wide- spreading  as 
are  the  consequences  of  the  malarious  influences 
of  climate,  the  effects  produced  by  the  contamina- 
tions of  the  air,  by  the  causes  now  to  l>e  described, 

re  scarcely  less  extensive,  though  less  capable  of 

•  Marray's  "  Chemistry,"  toI.  iv.,  p.  4S0. 
+  Liebig'e  "  Animal  Chemistry,"  pp.  16,  17. 
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being  numerically  determined  ;  and  as  the  pro- 
gress of  civilization  causes  larger  numbers  of 
persons  to  congregate  together,  the  necessity  for 
attending  to  these  effects  becomes  continually  of 
greater  importance, 

(320.)  Respiration  is  a  never-ceasing  and  moflt 
extensive  source  of  contamination  of  the  air,  and 
the  theory  of  its  operation  has  long  engaged  the 
attention  and  divided  the  opinions  of  physiologists. 
The  opinion  held  by  some  of  the  most  eminent  is 
that  inspiration  is  involuntary,  being  caused  by  the 
pressure  of  the  air  on  the  lungs  ;  while  expiration 
is  the  effort  of  the  lungs  to  discharge  the  air  after 
it  has  been  changed  in  its  nature,  and  become  hurt- 
ful to  them.*  The  effects  produced  by  breathing 
over  again  a  portion  of  this  mephitic  air  depends 
upon  the  constitution  of  the  individual  who  is  ex- 
posed to  its  influence,  and  upon  the  amount  of  the 
contamination  which  the  air  has  sustained.  Con- 
siderable differences  exist  in  the  experiments  which 
have  been  made  upon  the  changes  produced  by  res- 
piration on  atmospheric  air:  but  this  is  imavoidable, 
on  account  of  the  very  different  capacity  of  the 
limgB  of  different  individuals,  and  also  in  conse- 
quence of  tlie  mephitis  itself  differing  in  the  same 
individual  during  the  various  stages  of  digestdon, 
exertion,  or  repose,  and  according  to  the  nature  of 
the  ingesta  which  he  receives. 

The  contamination  of  the  air  is  produced  not 
only  by  respiration  but  by  animal  exhalations,  which 
are  given  off  by  both  the  lungs  and  the  skin. 
That  which  is  produced  by  resj>iration  is  chiefly 
by  the  formation  of  carbonic-acid  gas,  and  by  tnie 
vapour  which  is  exhaled  from  the  lungs.  The  pro 
portion  of  both  the  vapour  and  the  carbonic-acid 
gas  has  been  variously  estimated  by  different  ex- 

'  Blomenbacli's  "  Institatea  of  PLyBiology,"  by  £liotson, 
p.M. 
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perimentalists.  Dr.  Prout*  has  collected  together 
the  results  of  the  different  experimenters  on  the 
quantity  of  carbonic  acid  given  off  in  respiration. 
His  own  experiments  give  a,  mean  of  about  three 
and  a  half  per  cent,  as  the  quantity  expired  by  him- 
lelf,  and  four  and  a  half  per  cent,  when  his  experi- 
ments were  made  on  another  person.  Sir  Humphry 
Davy's  estimate  is  about  four  per  cent.;  Menzies, 
five  per  cent. ;  Mr.  Murray,  six  per  cent. ;  Allen  and 
Pepys,  eight  per  cent.;  Dr.  Fife,  eight  and  a  half 
per  cent. ;  Goodwin,  and  also  M.  Jurin,  ten  per  cent. 
But  Dr.  Prout  has  shown  that  the  (]uantity  varies 
greatly  at  different  periods  of  the  day,  and  that  the 
maximum  quantity  is  given  off  about  noon,  up  to 

Irhich  period  it  gradually  increases  from  the  begin- 
ang  of  twilight ;  and  after  noon  it  as  gradually  de- 
KOses  till  evening,  and  is  at  its  minimum  during 
he  night.f  Some  recent  and  extensive  experimenta 
ave  confirmed  these  results  generally ;  but  it 
ppears  the  times  of  maxima  and  minima  depend 
principally  on  the  state  of  digestion  and  the  periods 
of  taking  food.| 

The  quantity  of  vapour  given  oft'  from  the  lungs 
has  also  been  very  variously  estimated.  Dr.  Menzies 
calculated  it  at  six  ounces ;  Mr.  Abemethy,  nine 
ounces  ;  Sanctorius,  eight  ounces  ;  and  Dr.  Hales, 
twenty  ounces  in  twenty-four  hours  ;  §  and  the 
average  is  supposed  to  be  about  three  grains  per 
minute.  The  amount  of  vapour  given  off  from  the 
Lin  was  found  by  Theuard  to  vary  from  nine  to 
irenty-8LK  grains  per  minute.  Keil  found  it  to 
Siount  to  thirty-one  ounces  in  twenty-four  houTB, 
t  ten  and  a  half  grains  per  minute.    Seguin  ascer- 

•  AnnaUof  Philoiophij,  vol.  ii,,  p.  330. 
1 1  /''<<'■.  P-  830. 
I  j  Londvn  and  Edinburgh  Philosophical  Maga:ine,  vol.  xiv., 

401. 

i  Dr.  Piuifl's  "  Madioal  Cbemiatry,"  p.  816. 
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tained  that  it  varied  from  eight  to  twenty-four  grains 
per  minute;  and  it  is  generally  considered  that  the 
average  quantity  is  about  ten  grains  per  minute, 
which  agrees  with  the  experiments  of  Lavoisier. 

(321.)  It  is  also  found  that  the  quantity  of 
oxygen  consumed  in  respiration  varies  with  the 
state  of  exertion  or  repose.  Lavoisier  found  that  by 
a  man,  while  engaged  in  strong  muscular  exertion, 
corapoxed  with  the  same  individual  while  in  a 
state  of  repose,  the  consumption  of  oxygen  was  as 
32  to  14.  It  is  also  ascertained  that  the  quantity 
of  oxygen  consumed  in  respiration  exceeds  the 
bulk  of  carl)onic-acid  gas  which  is  expired  from 
the  lungs ;  the  remainder  unites  with  the  hydrogen 
derived  from  the  food,  and  forms  the  vapour  given 
off  from  the  lungs  and  skin:  and  these  proportions 
differ  60  greatly  with  the  nature  of  the  food,  that 
while  some  animals  expire  a  quantity  of  carbonic 
acid  equal  to  that  of  the  oxygen  consumed,  otherfi 
do  not  expire  more  than  half  as  much  carbonic 
acid  as  the  oxygen  consumed  would  produce.* 

(322.)  Notwithstanding  these  differences  of  opi- 
nion among  physiologists  respecting  various  points 
connected  with  re8|)iration,  there  are  certain  funda- 
mental facts  which  are  agreed  upon,  that  we  shall 
find  amply  sufficient  for  the  illustration  of  the  sub- 
ject before  us. 

(323.)  The  quantity  of  air  admitted  into  the 
lungs  varies  in  different  individuals,  and  even  in 
the  same  individual  at  different  times,  being 
greatly    influenced,     as    already    stated,    by    the 

•  Liebig'B  "  Animal  ChemiBtry,"  p.  20.  The  prodnction 
of  carbonic  acid  gas  by  respiration  is  stated  to  be  as  follows: — 
By  a  man,  13-9  oonces ;  by  &  horse,  976  ounces ;  and  by  a 
oow,  6d'9  oanoea  in  24  hours.  Dr.  Carpenter  states  that  til 
oncQ  passed  through  the  lungs  contains  1-23  per  cent,  of 
OBxbonio  noid.  For  other  ohanges  produced  in  the  blood  by 
respiration,  see  Liebig's  •'  Animal  Chemistry,"  pp.  12  Uld 
272,  4o. 
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relative  amount  of  exertion  or  repose.  Some 
experimentalists  have  estimated  that  as  much 
as  800  cubic  inches  of  air  enters  the  lungs  per 
minute ;  but  it  is  more  generally  supposed  to  be 
about  330  cubic  inches  per  minute  under  ordinary 
circumstances  :*  and  this  air,  after  jiassing  through 
the  lungs,  returns  charged  with  carbonic-acid  gas 
and  vapour  of  water,  as  already  stated. 

(324.)  Whenever  the  same  portion  of  air  is 
ithed  a  second  time,  a  great  sensation  of  un- 

iness  is  experienced.  TLus  arises  from  several 
causes.  The  quantity  of  oxygen  contained  in  the 
air,  when  in  its  natural  state,  varies  from  20*58  to 
21*12  per  centjf  but  it  is  found  impossible  to 
separate  the  whole  of  this  oxygen  by  respiration, 
on  account  of  the  affinity  which  exists  between 
the  gases ;  and,  however  often  the  air  is  breathed, 
only  about  one-half  of  this  quantity  of  oxygen  can 
be  separated  from  it.  If,  therefore,  the  process  of 
respiration  consumes  (in  forming  the  carbonic  acid 
and  the  vapom*)  a  quantity  of  oxygen,  varying 
from  six  to  eight  per  cent.,  by  merely  passing  the 
air  once  into  the  lungs,  it  is  evident  that  but  very 
little  can  be  afterwards  abstracted  by  any  further 
process  of  respiration. J  Carbonic-acid  gas  con- 
taina  its  own  volume  of  oxygen;  therefore,  when 

ry  deficieucy  of  oxygen  occurs,  the  proper  quan- 
'  Menziea  and  Goodwjn  estimate  the  quantity  of  aii  taken 
into  the  lungs,  at  each  mepiratiou,  at  12  oubio  ioahes ;  Jiiriii, 
at  20 ;  Cuvier,  at  16  or  17 ;  Davy,  at  15 ;  and  Thomson,  at  33. 
— (Dr.  Kay,  "  Ou  Asphyiia,"  p.  123.)  The  number  of  inspi- 
rattona  in  a  minute,  Holier  considers  to  be  about  20 ;  Men- 
zies,  14  :  Davy,  26  or  27  :  Dr.  Thompson,  19  ;  and  Majendie, 
16,_mr,  Paris'fl  "  Medical  Chemistry,"  p.  816.) 

t  Daltou  "  On  the  Atmosphere  ; "  TMndon  and  Edinburgh 
Philoiojiliieal  Magazine,  vol.  xii.,  p.  402. 

t  See  the  experiments  of  Messrs.  Allen  and  Pepy'e,  Pliilo- 
lophieal  Tramaelioni,  1608  ;  and  NichuUon'i  Journal,  vol.  xiii., 
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tity  of  carbon  cannot  be  given  off  from  the  Inngs 
— a  process  which  is  absolutely  indispensable  for 
the  preservation  of  life. 

(325.)  The  physiological  eft'ects  of  a  deficiency 
of  oxygen  are  very  remarkable.  When  the  lungs 
are  not  sufficiently  suppUed  "with  oxyg;en.  sangui- 
fication ceases  to  be  performed  ;  and  tlie  arterial 
blood  retaining  the  dark  colour  of  venous  blood, 
circulates  in  this  state  through  the  system.  Bichiit 
proved  by  experiments,*  that  when  venous  or  dark- 
coloured  blood  is  injected  into  the  vessels  of  the 
brain  through  the  carotid  artery,  the  functions  of 
the  brain  are  immediately  disturbed,  and  iu  a  veiy 
short  time  cease  entirely  ;  the  heart  instantly  loses 
its  motion,  and  death  speedily  follows.  BichiLt 
considers  the  effect  of  the  venous  blood  circuUiting 
through  the  brain  to  be  similiar  to  the  action  of  a 
narcotic  poison  ;  and  this  takes  place  when  the  air 
is  impure,  and  floes  not  perfectly  oxygenate  the 
the  blood.  When  the  lungs  receive  impure  air, 
imperfectly  oxygenated  blood  is  circulated  through 
the  brain,  proclucing  a  cessation  of  the  functions  of 
that  organ,  by  which  respiration  is  immediately 
affected,  and  the  heart  ultimately  censes  to  act. 
Sir  B,  Brodie  also  found  by  experiments  made  with 
various  active  poisons.f  "that  when  the  acnion  of 
the  brain  is  impeded  by  other  causes  than  that 
jiroduccd  by  the  blood,  a  similar  result  obtains  :  for 
tlie  ihstant  the  brain  loses  its  action,  respiration 
stops,  the  heart  gradually  fails  of  its  power  of  con- 
tracting and  propelling  forward  the  blood,  and 
death  speedily  ensues.  But  it  has  Ijeea  found 
that,  after  the  brain  has  ceased  to  act,  if  an  arti- 
ficial respiration  of  pure  air  be  produced,  and  con- 
tinued for  a  short  time,  the  functions  of  the  braia 
will  be  restored,  and  the  animal  ultimately  recovers. 
*  BiohAt "  Recherches  physiologiqnes  sur  la  Yie  et  1&  Uori." 
h  PhOoiophieal  Tramaetwiu,  1811 :  pp.  86  and  178,  »»*«j. 
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I  (326.)  The  effects  so  speedily  experienced  by 
ome  persons  in  close  and  ill-ventilated  rooms 
are  by  these  experiments  easily  accounted  for. 
Headache  is  usually  the  first  sensation  of  uneasi- 
ness which  is  experienced  ;  and  the  succeeding 
symptoms  of  langour,  uneasy  respiration,  faiutness, 
and  syncope,  are  all  clearly  referrible  to  the  same 
cause  as  that  which  produced  in  Bichdts  experi- 
raents  the  cessation  of  the  vital  functions.  These 
efifects  always  result  from  breathiug  air  containing 
any  considerable  quantity  of  carbonic-acid  gas.* 
When  the  quantity  of  this  gas  is  very  considerable, 
it  produces  such  a  painful  irritation  of  the  epi- 
glottis, as  immediately  causes  it  to  close  spasmodic- 
ally on  the  glottis,  and  thus  prevents  the  entrance 
of  the  gas  into  the  lungs  ;  but  this  also  prevents 
the  entrance  of  the  atmospheric  air,  and  thus  pro- 
duces immediate  suffocation. 

(327.)  Physiologists  are  divided  in  opinion  as 
to  the  precise  nature  of  the  action  on  the  human 
Irame,  exerted  by  carbonic-acid  gas.  Sir  Humphry 
Davy,  Dr.  Christison,  Dr.  Bird,  and  Dr.  Paris 
appear  to  consider  that  it  acts  as  a  strong  narcotic 
poison.  Dr.  Thompson,  and  some  others,  entertain 
a  different  opinion,  and  think  it  only  acts  on  the 
animal  economy  by  preventing  the  proper  quantity 
of  oxygen  from  entering  the  lungs,  and  thence 
producing  suffocation, 

(328.)  The  greatest  proportion  of  carbonic-acid 
gas  which  may  be  breathed  with  impunity  has 
not  been  exactly  determined,  and  opinions  re- 
specting it  are  very  various.f  But  it  is  evident 
'  Report  of  British  Soientifio  Association,  1839,  p.  108. 
Experiments  by  Coatbupe. 

+  In  tlie  Parliamentary  Report.  August,  1857,  on  Wariiiinr; 
pd  Veiililaling  Thvdlwif.  p.  127,  it  in  stated  that  1  per  cent. 
i  Carbonic  Oxide  is  fatal  to  animal  life,  wbile  6  per  cent,  of 
Jarbonic  Acid  may  be  breathed  for  a  short  time  without 
lUftl  conaequences. 
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that  a  ^ven  quantity  of  the  gas  produced  by  re- 
Bpiration  or  combustion  will  reduce  the  propor- 
tion of  oxygeo  in  atmospheric  air  to  a  much 
greater  extent  than  the  same  quantity  of  carbonic- 
acid  gas  added  by  simple  mechanical  mixture. 
For,  in  the  formation  of  a  given  quantity  of  car- 
bonic-acid gas,  either  by  combustion  or  respiration, 
exactly  the  Uke  volume  of  oxygen  is  consumed — ■ 
carbonic-acid  gas  being  a  componnd  of  one  volume 
of  gaseous  carbon  united  to  one  volume  of  oxygen; 
therefore,  by  these  modes  of  forming  carbonic-acid 
gas,  we  both  reduce  the  quantity  of  oxygen,  and 
increase  the  quantity  of  carbonic-acid  ;  and  it  haa 
been  estimated  that  two  per  cent,  of  carbonic-aad 
gas  produced  by  combustion,  deteriorates  the  air 
as  much  as  10  per  cent,  added  mechanically  by 
simple  mixture.*  But  in  ill-ventilated  rooms  this 
is  by  no  means  the  only  cause  of  the  oppression 
and  inconvenience  which  are  experienced.  The 
vapoiu"  given  off  from  the  lungs  and  from  the  skin 
forms  a  very  important  source  of  contamination  ; 
and,  being  charged  with  animal  effluvia,  its  effects 
in  contaminating  the  air  are  very  considerable. 
The  baneful  effects  of  mephitic  exhalations  from 
animal  respirations  are  not  confined  to  the  human 
frame.  The  glanders,  of  horses;  the  pip,  of  fowls; 
and  a  peculiar  disease  to  which  sheep  are  subject, 
all  arise  from  the  bad  air  generated  by  their  being 
too  closely  crowded  together  ;f  and  in  no  case  can 
animals  be  con6ned  in  a  vitiated  air  for  any  length 
of  time,  without  serious  injury  resulting,  although 
the  effects  may  be  shown  in  various  ways.  In 
ordinary  cases  the  contamination  is  insufficient  to 
produce  these  violent  and  fatal  effects  ;  but  the 
slow  and  insidious  effects  of  a  less  deteriorated 
atmosphere  are  matters  of    far  more    importance 

•  The  Lawei,  for  December,  1838. 
t  Paris,  "  Medical  Chemistry,"  p.  809. 
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than  most  persons  believe  ;  •  and  we  have  already 
seen  by  the  unerring  evidence  of  statistical  facts, 
how  fearfully  human  life  is  shortened  by  even  the 
smallest  conceivable  differences  in  atmospheric  and 
climatic  influences. 

(329.)  The  quantity  of  vapour  given  off  from 
the  body  (which,  we  have  already  seen,  averages 
about  12  or  14  grains  per  minute)  is  greatly  in- 
fluenced, not  only  by  the  different  degrees  of 
muscular  exertion  and  repose,  but  also  under  the 
ever-changing  hygrometric  condition  of  the  atmo- 
sphere :  for  the  greater  the  quantity  of  vapour 
which  the  air  contains,  the  less  will  the  air  be  able 
to  carry  oft'  from  the  human  body.  For  the  air 
possesses  a  desiccating  power  on  the  human  body; 
but,  of  course,  that  power  is  lessened  in  proportion 
as  it  is  nearer  to  the  point  of  saturation. 

(330.)  The  hygrometric  condition  of  the  atmo- 
sphere is  ascertained  by  the  dew-pomtf  The 
lower  the  dew-point,  the  greater  will  be  the 
quantity  of  moisture  carried  off  from  the  lungs 
by  the  air  in  respiration  ;  and  therefore  lees  will 
be  given  off  by  perspiration  from  the  skin,  than 
when  the  dew-point  is  higher.  This  is  often  the 
case  in  very,  cold  weather,  when  a  large  quantity 
of  vapour  is  carried  off  from  the  lungs,  and  but 


*  Borne  most  excellent  observations  oa  this  sul 
foDnd  in  Dr.  Combe's  "  Principles  of  Physiology,'' 
pp.  23e— 238,  and  244—248. 

t  The  dew-point  is  that  thermomotric  temperat 
Btmospheie  at  which  vapour  is  condensed.  By 
cold  body  to  the  air,  a  fine  dew  is  deposited  on  its  sorfaoe, 
and  by  observing  the  temperature  of  this  cold  body,  we  know 
the  exact  qnantity  of  vapour  contained  in  the  air  at  that  time. 
Warm  air  contains  a  larger  quantity  of  vapour  than  that 
vhicfa  is  colder ;  for  air  has  the  property  of  taking  up  vater 
in  solution  in  a  quantity  proportional  to  its  temperature.  The 
Table  II.,  Appendix,  shows  the  quantity  of  vapour  that  the 
'r  oontaine  when  the  dew-point  is  obtained  in  this  n 
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little  by  perspiration.  When  air  is  respired  from 
the  lungs  it  is  nearly  of  the  temperature  of  the 
blood,  which  is  98"  Fahrenheit ;  and  it  is  then 
charged  with  a  large  quantity  of  vapour.  If  we 
ascertain  the  quantity  of  vapour  which  the  air 
contains  when  expired,  and  deduct  what  it  pos- 
sessed  before  it  was  inhaled,  we  shall  learn  the 
amount  given  off  by  the  lungs ;  the  quantity  of  air 
breathed  per  minute  being  known.  Now,  suppose 
the  temperature  of  the  air  before  it  is  inhaled,  to  be 
40",  and  the  dew-point  30° ;  as  330  cubic  inches  of 
air  is  the  average  quantity  breathed  per  minute,  ^ 
of  a  grain*  of  vapour  will  be  received  into  the  lungs 
with  the  air  per  minute.  But  when  the  air  is  again 
expired,  the  temperature  will  be  98°,  and  the  dew- 
point  is  always  found  to  be  94";  it  will  then  contain 
3'07  grains  of  vapour  in  the  330  cubic  inches ;  so 
that  upwards  of  two  and  a  half  grains  per  minute 
are  given  off  from  the  lungs  under  these  circum- 
stances. But  if  the  dew-point  of  the  air  before  it 
is  breathed  be  30°,  which  is  frequently  the  case  in 
damp  or  warm  weather,  then  a  less  quantity  of  va- 
pour will  be  given  off  in  the  same  time.  Dr.  Daltoti 
states  that  in  the  torrid  zone,  the  dew-point  8om6- 
times  rises  to  80°,  and  that  even  in  this  countiy  it 
occasionally  reaches  to  60°,  while  in  winter  it  is 
aometinies  below  zero.  This  easily  accounts  for 
the  variable  quantity  of  moisture  which  is  exhaled 
from  the  body  and  lungs  at  different  times. 

(331.)  The  atmosphere,  during  darap  weather, 
when  it  is  frequently  nearly  in  a  state  of  saturation, 
is  unable  to  carry  off  the  full  quantity  of  vapoal 
from  the  body.  This  causes  the  oppressive  sensa- 
tion that  is  so  often  experienced  under  such  cictuU' 
staiices  ;  and  the  slightest  exertion  causes  the  per- 
spiration to  condense  upon  the  surface  of  the  body, 
and  a  degree  of  heat  is  experienced  much  greater 
*  See  Table  II.,  Appendix. 
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I  the  simple  thermometric  temperature  would 
'  occasion. 

(332.)  AltiiougL  the  carbonic-acid  gas  given  off 
from  the  tungs  is  rather  more  than  37  per  cent. 
heavier  than  the  oxygen  which  is  consumed ;  still 
in  consequence  of  the  dilatation  of  its  volume  by  the 
increased  heat,  and  the  greater  levity  of  the  vapour 
given  off  from  the  lungs,  the  air  is  specifically 
lighter  at  the  moment  of  its  expiration  than  at  its 
inspiration.  For  800  cubic  inches  of  pure  air  at 
the  temperature  of  60°,  and  the  dew-point  40",  will 
weigh  24-J-395  grains;  but  800  cubic  inches  of  air 
at  95°,  containing  eight  and  a  half  per  cent,  of  car- 
honic-acid  gas,*  and  5'6  grains  ofrapour,  with  the 
dew-point  85",  will  only  weigh  232-450  grains  ; 
being  nearly  five  per  cent.  lighter.  Hence  air,  when 
expired  from  the  lungs,  always  rises  upwards,  and 
will  fiow  through  ventilators  in  the  ceiling,  or  the 
upper  part  of  the  walls  of  a  room,  if  such  be  provi- 
ded for  its  escape  ;  but  otherwise,  the  va])0ur  con- 
denses, and  the  volume  of  the  air  collapses  as  it 

*  The  qaantitj  of  carbon  given  off  from  the  langs  being  bo 
considerable,  we  cauDot  wonder  Ibat  the  subject  of  its  origin 
hKE  been  a,  deeply  disputed  question,  Supposing  26  cnbio 
inches  of  carbonic-acid  g&a  to  be  given  off  from  the  langs  per 
minute  on  an  average,  that  quantity  will  coutain  S'8  grains  of 
pure  carbon,  which  in  24  hours  ivUl  amount  to  11  ounces. 
Besides  this,  If  the  qnaatity  of  vapour  from  perspiration  and 
pulmooary  transpiration  be  taken  at  10  grains  per  minute  for 
the  former,  and  three  grains  for  the  latter,  they  wiU  amount 
to  42  ounces  in  2j  boure.  making  the  vapour  and  carbon 
together  amount  to  nearly  S-S  lbs.,  besides  other  excre- 
mentitious  matter  from  the  body.  Some  other  source,  then, 
besides  the  food,  must  exist  for  obtaining  the  matter  which 
anpports  vitabty,  and  this  probably  is  the  air.  Liebig  baH 
shown  (Animal  Chmnistry,  p.  2S7)  that  a  man  takes  in  with 
his  food  about  18-9  ounces  of  solid  carbon  daily  ;  and  that 
the  more  food  he  consumes,  the  greater  quantity  of  oxygen  he 
inspires.  It  baa  been  ascertained  by  Dr.  Prout,  that  a 
vegetable  diet  diminishes  the  quantity  of  carbonic -acid  gas 
Hpren  off,  and,  of  course,  reduces  the  quantity  of  oxygen 
■-  z  2 
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cools  ;  it  then  becomes  heavier  than  the  substrat* 
of  air,  and  sinks  to  the  lower  part  of  the  room, 
contaminated  with  impurities. 

(333.)  The  sensation  of  uneasiness  produced 
breathing  impure  air  is  an  indication  of  the  in* 
jurious  effects  that  result  from  it,  which  is  too 
often  neglected.  When  the  air  is  not  sufficiently 
pure  to  effect  the  complete  decarbonization  of  the 
blood,  we  have  already  seen  that  the  result  is  the 
circulation  of  venous  blood  through  the  brain;  the 
respiration  then  becomes  impeded,  and  the  nerrou* 
system  deranged;  the  extent  of  these  effects, 
course,  varying  with  the  amount  of  the  exciting 
cause,  and  with  the  peculiar  constitutions  of  the 
individuals  exposed  to  their  influence.  Dr. 
Harwood  remarks  on  this  subject,  *'  The  want  of 
wholesome  air,  however,  does  not  manifest  itsdf 
on  the  system  so  unequivocally,  or  imperatively! 
no  urgent  sensation  being  produced,  like  that  of 
hunger,  and  hence  the  greater  danger  of  mistaking 

GOQsnmed ;  because  carbonic-ncid  gae  oontains  exactly  its  own 
bulk  of  onygen,  united  to  the  given  weight  of  pore  ctuban. 
The  accnrocy  of  Dr.  Prout's  experiments  has  been  confinned 
by  divere.  and  persona  making  use  of  the  diving-bell.  In  all. 
hot  ohmates,  also,  where  from  the  rarefied  stat«  of  the  ur,  len 
oxygen  ie  received  at  each  inspiration  than  in  the  higbai 
latitudes,  the  inhabitants  feel  but  Uttle  desire  for  animal  foodi 
and  use  principally  a  vegetable  diet ;  while,  on  the  contnty, 
the  inhabitants  of  the  arctie  regions  use  animal  food  almott 
excluBively.  Dr.  Bichardson,  who  accompanied  Captain 
Franklin  on  his  voyage  of  discovery  to  the  Polar  seas,  says 
that  himself  and  the  other  individuals  who  composed  tli» 
expedition,  never  felt  the  slightest  wish  for  vegetable  di«t, 
but  desired  the  most  stimulating  animal  food,  and  in  mueb 
larger  quantities  than  they  had  ever  before  been  accnstomed 
to.  Id  such  a  chmate,  in  couseiiDeiice  of  the  coldnese  aad 
density  of  the  atmosphere,  the  quantity  of  ox.ygen  inhaled  u 
much  grcat«r  than  in  warmer  regions,  uud  lliereror«  allon 
the  larger  quantity  of  carbon  to  he  carried  off,  which  tlia 
dieting  on  animal  food  produces.  These  results,  tbdrelbrfc 
accord  with  Dr,  Prout's  experiments. 
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its  indicatione.  The  effects  of  its  absence  are  only 
slowly  and  insidiously  produced ;  and  thus,  too 
frequently,  are  overlooked  until  the  constitution 
is  generally  impaired,  and  the  body  equally  en- 
feebled."* 

(334.)  The  diminished  pressure  of  the  air  in  in- 
habited rooms,  caused  by  rarefaction,  by  chimney- 
draughts,  or  by  exhaustion  of  the  air  by  mechanic^ 
means  for  the  purpose  of  ventilation,  has  been  sup- 
posed by  some  physiologists  to  produce  consider- 
able effects  on  the  health  of  persons  exposed  to  its 
influence.  It  cannot,  indeed,  be  doubted  that  a 
diminished  pressure  of  any  considerable  extent 
would  be  productive  of  great  inconvenience,  and 
cause  considerable  derangement  of  the  animal 
economy.  But  the  diminution  of  pressure  from 
these  causes  seldom  exceeds  a  quantity  equal  to 
about  TM  of  an  inch  of  the  common  mercurial 
barometer,  and  generally  it  does  not  reach  ^^  of  an 
inch.  The  ordinary  fluctuations  of  the  barometer 
produced  by  meteorological  causes,  amounts  to 
upwards  of  two  inches  and  a  half  in  the  altitude 
of  the  mercurial  column  ;  and  this  difference  is 
not  found  generally  to  produce  any  remarkable 
eflfects  on  the  animal  functions — a  difference  of 
■pressure  so  very  far  exceeding  anything  which  can 
occur  in  consequence  of  the  rarefaction  of  the  air 
in  an  ordinary  room,  that  it  cannot  be  conceived 
possible  that  this  is  the  cause  of  the  pathological 
eflfects  which  are  experienced  by  persons  much 
confined  within  doors. 

The  extremely  small  differences  of  pressure 
which  occur  by  the  rarefaction  of  the  air  in  inha- 
bited rooms  by  heat  and  ventilation,  can  only  i>e 
detected  by  experiments  with  the  differential 
barometer.     But  the  natural  differences  of  pressure 

*  Harwood's  "  Cuiatlvs  Influence  of  the  Sonthern  Coast 
of  England,"  p.  28% 
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which  occur  in,  many  parts  of  the  world  are  very 
great.  At  Mont  Loais,  in  Roussillon  of  the  Pyre- 
nees, one  of  the  highest  of  the  inhabited  parts  (£ 
Europe,  the  mean  height  of  tlie  barometer  is  only 
24*65  inches,*  which  is  more  than  five  inches  below 
,  the  standard  mean  height  in  London;  and  many 
other  places  might  be  named  where  the  pressure  of 
the  atmosphere  is  much  reduced  below  our  own 
standard.  Some  physiologists,  indeed,  have  been 
of  opinion  that  the  inhabitants  of  places  and  districts, 
of  which  the  height  above  the  level  of  the  sea  is 
such  as  to  cause  a  pressure  considerably  less  than 
ours,  are  subject  to  peculiar  diseases  arising  from 
this  cause.  Even  the  comi)aratively  small  differ* 
ences  which  occur  in  the  several  parts  of  our  own 
island,  have  been  supposed  to  produce  very  inorkel 
pathological  effects.  Dr.  Harwood  has  written  at 
large  on  this  subject  ;f  and  Drs.  Wells,  Darwin, 
Beddoes,  and  Cullen,  and  also  Mr.  Mansfield,  hava 
given  similar  opinions.  From  the  facts  they  hava 
collected,  it  appears  that  the  inhabitants  of  high 
situations,  where  the  atmospheric  pressure  is,  of 
course,  reduced,  are  more  liable  to  pulmo:iary  con- 
sumption than  those  residing  in  low,  and  even  in 
marshy  districts.  But  whether  these  effects  are 
attributable  or  not  to  a  diminished  atmosphoia 
pressure,  the  small  difference  which  is  caused  hjf 
rarefaction  and  ventilation,  wholly  inappreciable  a* 
it  is  by  the  ordinary  test  of  the  barometer,  con 
scarcely  be  supposed  capable  of  producing  any 
important  results :  while  we  possess  the  most. 
ample  evidence  that  in  the  vitiated  atmosphere,  and 
altered  hygrometric  condition  of  the  air,  there  exists 
abundant  cause  for  the  langour  and  deficiency  o( 
vital  energy  which  are  so  frequently  experienced, 
by  persona  exposed  to  tlieir  influence. 

•  Eirwan  "Od  Temperature,"  p.  8B. 
t  Harwood  "  On  the  Oaiative  Xothience  of  t)ie  Hontb^ra 
Coast  of  England." 
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335.)  Another  cause,  however,   exists,   which 

ibably  exerts  far  greater  influence  than  that 
arising  from  altered  pressure;  a  more  accurate 
knowledge  of  which  would  enable  us  to  account 
for  frequent  apparent  anomalies  in  the  sensations 
experienced  in  buildings  which  are  artificially 
heated.  The  electric  condition  of  the  air,  and  its 
influence  on  the  nervous  system,  are  subjects 
apparently  of  the  highest  importance;  but  unfor- 
tunately our  knowledge  at  the  present  time  is  so 
imperfect  on  this  interesting  and  important  branch 
of  science,  and  almost  daily  experience  of  new 
discoveries  convinces  us  we  have  still  so  much  to 
leam  respecting  it,  that  it  is  difficult  at  present 
to  assign  to  this  agent  its  due  place  among  the 
operative  causes,  which  undoubtedly  combine  to 
render  many  methods  of  artificial  heat  peculiarly 
prejudicial  to  the  animal  economy. 

(336.)  Experiments  ofavery  extensive  character 
have  shown  that  the  electric  state  of  the  atmosphere, 
no  peculiar  disturbance  takes  place,  is  alwaya 
lat  kind  which  is  known  by  the  name  of  positive 

vitreoits  electricity.  The  quantity  of  electricity 
contained  in  the  air  appears  to  be  tar  greater  than  is 

fenerally  supposed,  as  the  experiments  of  Mr,  Crosse, 
[r.  Sturgeon,  and  Mr.  Weekes,  clearly  show.*  The 
quantity  undergoes  diurnal  variations,  there  being 
two  maxima  and  two  minima  in  twenty-four  hours;^ 
the  greatest  quantities  being  a  few  hours  after  sun- 
rise, and  after  sunset;  and  the  smallest  quantities 
being  just  Ijefore  sunrise,  and  again  a  few  hours 
before  sunset — or,  as  some  suppose,  about  mid-day 
and  midnight. 

•  Noad'a  "  Electricity,"  pp.  89—102. 

t  Bid.,  p.  99 ;  Darnell's  "  Chemioal  Philosophy,"  p.  268. 
Bchobler's  "  Besearohes  :  "  Quarterly  .loiiniat  of  Science,  vol. 
■■„p.  416. 
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(337.)  The  experiments  which  have  been  made 
on  the  electric  state  of  the  air  of  close  and  ill- 
ventilated  rooms,  have  shown  that  in  theee  cases 
the  electric  condition  of  the  air  is  reversed,  and 
that  instead  of  being  positively  electric,  the  elec- 
tricity of  the  air  is  of  that  kind  which  is  called 
negative  or  resinous  electricity.  This  subject  has 
generally  excited  so  little  attention,  that  but  few 
experiments  have  been  made  upon  it  ;  and  the 
caufies  of  interference  are  so  numerous,  that  it 
requires  much  delicacy  both  in  the  instruments 
and  in  the  manipulation  to  arrive  at  satisfactory 
conclusions.  The  similarity  of  the  effects  product 
on  the  human  frame  under  these  circumstances, 
compared  with  the  effects  which  are  frequently 
experienced  during  the  passage  of  thunder-clouds, 
when  the  air  is  generally  negatively  electric,  or 
else  in  a  constant  state  of  oscillation  between  the 
positive  and  negative,  also  leads  to  the  conclusion, 
that  the  electric  state  of  the  air  of  close  rooms 
performs  a  very  important  part  in  the  production 
of  those  unpleasant  effects  which  are  generally 
experienced  in  such  cases.  In  the  natural  state 
of  the  atmosphere,  the  earth  is  always  found  to  lie 
negatively  electric  with  respect  to  the  air  (the  air 
itself  being  positively  electric),  and  of  course  nil 
conducting  bodies  in  communication  with  the 
earth  are  in  a  similar  electric  state.  But  when 
the  air  also  becomes  negatively  electric,  the  earth 
8till  retains  its  original  condition,  and  the  human 
body  thus  becomes  charged  with  electricity  ;  the 
air  in  this  condition  being  unable  to  carry  off  the 
electricity,  as  would  be  the  case  with  a  moderately 
moist  atmosphere  positively  electric.  The  body 
in  this  case  receives  a  charge  of  electricity  similar 
to  what  is  called  the  electric  bath,  proihiced  by 
placing  the  person  on  a  glass  stool,  and  commu- 
nicating a  charge  from  an  electric  machine.     The 
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effects  of  the  electric  bath,  when  it  is  continued 
for  a  considerable  time,  are  similiar  to  those  which 
result  from  the  atmosphere  of  close  rooms — 
headache  and  nervousness.  Drowsiness,  which  is 
another  frequent  consequence  of  close  rooms,  is 
produced  by  a  dift'erent  cause,  arising  from  the 
imperfect  arterialization  of  the  blood  circulating 
through  the  brain,  as  we  have  already  seen  ( Art. 
325).  Whatever  therefore  increases  the  positive 
electricity  of  the  air,  also  relieves  to  a  considerable 
extent  the  unpleasant  eifects  of  close,  ill-ventilated 
and  highly-heated  rooms.  Evaporation  of  water, 
|.  and,  at  certain  periods  of  the  day,  vegetation,  both 
tend  to  relieve  the  oppressive  effects  of  close  rooms; 
And  both  are  known  to  produce  posiiivi-  electricity 
of  the  air.*  So  greatly  does  evaporation  affect 
the  electric  condition  of  the  air,  that  the  diurnal 
variation  in  the  quantity  of  electricity  follows 
nearly  the  same  course  as  the  exhalation  of 
moisture,  and  evaporation  is  considered  to  be  the 
principal  source  of  atmospheric  electricity.f  But 
evaporation,  by  adding  to  the  moisture  of  the  air, 
also  renders  it  a  good  conductor  of  electricity  ; 
while  dry  air,  on  the  contrary,  is  an  extremely 
had  conductor  ;  and  hence  it  follows,  that  evapo- 
ration of  water  in  a  highly-heated  and  desiccated 
atmosjjhere  must  produce  salutary  effects,  in  re- 
lieving the  unpleasant  effects  experienced  in  close 
rooms.  It  must  not,  however,  be  understood, 
that  adding  moisture  to  the  air  is  at  all  times 
desirable.  Sometimes  the  air  may  be  deteriorated 
by  any  additional  moisture,  and  the  proper  quan- 
tity of  moisture  is  a  question  of  great  importance 
ou  health,  as  the  fluids  from  the  body  cannot  be 
carried  off  if  the  air  be  too  moist  ;  while  on  the 


•  ThomsoQ  "  On  Heat  and  Electricity,"  pp.  440  and  502. 
t  Noad'8  "Eleotrioity,"  pp.  92  and  100. 
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other  hand,  the  electric  condition  of  the  body  will 
be  disturbed  if  the  air  be  too  dry. 

(338.)  The  disturbance  of  the  electric  condition 
of  the  air  certainly  adds  another  link  to  the  chain 
of  causes  which  produce  the  unwholesome  and 
depressing  effects  of  ill-ventilated  rooms.  Dr. 
Faraday*  considers  that  the  deterioration  of  the 
air  under  these  circumstances  "depends  as  madi 
or  more  on  matters  communicated  to  the  air  by 
the  living  system,  as  by  any  direct  injury  to  the 
air  due  to  the  deficiency  of  oxygen  or  presence 
of  carbonic  acid;"  and  as  electricity  is  produced 
by  every  change  of  state,  both  respiration  and 
the  vaporization  of  the  fluids  of  the  body  must 
produce  considerable  effect  upon  the  electric  con- 
dition of  the  atnioejihere  of  rooms,  where  lai^ 
numbers  of  persons  are  congregated  together.  It 
is  also  probable  that  other  causes  of  deterioration 
of  the  air  may  be  diecovered;  for  various  reasouB 
appear  to  point  to  the  existence  of  a  distinct  sub- 
stance being  found  mixed  witli  atmospheric  air 
when  analytically  searched  for  imder  these  cir- 
cumstances. Dr.  Faraday  has  on  more  than  ona 
occasion  alluded  to  the  probaI)le  discovery,  that 
some  new  substance  may  be  formed  in  atmo- 
spheric air  under  the  oircumstances  we  are  con- 
sidering ;  and  all  that  is  known  respecting  the 
formation  of  ozone  renders  it  highly  probable 
that  to  this  newly  discovered  agent  in  chemistry 
many  of  the  injurious  eifects  of  close  rooms  and 
a  contaminated  atmosphere  ai*e  referrible ;  and 
that  most  important  results  to  the  animal  system 
are  produced  by  it,  even  when  it  exists  in  the 
smallest  possible  quantities.f     And  we  may  look 

"  "  Report  of  Select  Committee  on  VeatilatioB  of  HoniAS 
of  Parliament,"  p.  21, 

t  Faraday's  "  Leotores  on  Non-Uetallio  Elemente,"  d*- 
livered  at  the  Bojal  InBtitatiou ;  with  Notes,  Ac,  by  Soroffon 
(1863),  pp.  105—116. 


EFFECTS    OF   GASES    ON    ANlJrtAL   LIFE. 


3  the  further  discoveries  in  ozone  or  ozonized  oxygen, 
for  au  elucidation  of  many  of  the  eifects  which 
ave  hitherto  baffled  philosophers  in  accounting 
br  various  phenomena  produced  by  gaseous  influ- 
inces  od  the  animal  functions. 

(339.)  The  preceding  remarks  will  enable  ua  to 
estimate  the  comparative  wholesomeness  of  various 
methods  of  distributing  artificial  heat.  Many  of 
these  methods  are  highly  injnrioua  to  the  animal 
economy,  and  cannot  be  persevered  in  without  per- 
_inanent  derangement  of  the  health  of  those  who 
ire  exposed  to  their  influence. 

(340.)  There  are  always  suspended  in  the  air 

Dayriads  of  particles  of  animal  and  vegetable  mat- 

r ;    but  these  almost  unheeded  atoms  possess  a 

gh  philosophical  importauce,  however  th<>y  may 

fgenerally  be  disregarded.     They  are  the  evidences 

of  the  unceasing  changes  which,  the  material  world 

is  continually  undergoing — the  irrefragable  proofe 

that  the  visible  matter  of  the  universe  is  slowly 

and  almost  imperceptibly  passing  through  a  series 

of  transmutations,  which  afl^ect  both  organic  and 

inorganic    nature.     Many  of    these    particles   are 

wily  decomposed  by  heat,  and  are  then  resolved 

pto  the  various  gases,  either  in  their  elementary 

n  mixed  state.     Hence  many  of  the  methods  of 

producing  artificial  heat  are  materially  affected,  as 

regards  their  wholesomeness,  by  the  fact  of  their 

^^being  able  or  not    able  to   decompose  or  chemi- 

^■olly  alter  these  floating  particles  of  matter.     To 

^Hiis  cause  is   mainly  attributable  the  unpleasant 

^Emell    produced    by    several    modes    of  warming 

buildings  by  highly-heated  metallic  surfaces;  and 

we  have  already  seen  that  the  hygrometric  and 

electric  condition  of  the  air  is  also  altered  by  the 

same  means.      All  the  different    descriptions   of 

hot-air   stoves    are  more    or   lees   liable   to   these 

objections;    aa    also   tlie    high-preasure-systera    of 
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hot-water  apparatus,  and  still  more  the  cockle 
or  hot-mr  furnaces.  Dr.  Nott's  stoves,  and  also 
the  Russian  and  German  stoves,  are  subject  to 
this  inconvenience ;  and  asphyxia  is  frequently 
produced  in  Russia  by  the  uae  of  these  stoves,* 
The  cockle  or  hot-air  furnace  is  particularly  liable 
to  these  objections  ;  for  not  only  will  it  act  power- 
fully in  decomposing  the  floating  particles  of  ex- 
traneous matter  contained  in  the  air,  resolving 
them  into  sulphuretted,  phosphuretted,  and  car* 
buretted  hydrogen,  with  various  compounds  of 
nitrogen  and  carbon,  but  it  will  likewise  decom> 
pose  a  portion  of  the  vapour  contained  in  the 
air,  absorbing  the  oxygen  and  liberating  the 
hydrogen. 

(341.)  These  various  gases  thus  exhaled  into 
the  air  cannot  be  breathed  without  considerable 
inconvenience.  Signor  Cardone  made  some  expe- 
riments on  breathing  hydrogen  gas.  He  inhaled 
30  cubic  inches,  which  is  about  one-ninth  part 
of  the  total  quantity  of  air  contained  in  tht  lungs; 
and  tlie  almost  immediate  eft'ect-s  he  experienced 
were  an  oppressive  difficulty  of  breathing,  and 
painful  constriction  at  the  superior  orifice  of  the 
stomach,  followed  by  abundant  perspiration,  tre- 
mor of  the  body,  heat,  nausea,  and  violent  head- 
ache ;  his  vision  became  indistinct,  and  a  deep 
murmur  confused  his  hearing.  Some  of  these 
symptoms  lasted  a  considerable  time,  and  were 
with  difficulty  got  rid  off  Sir  Humphry  Davy 
tried  the  effect  of  inhaling  carburetted  hydrogen. 
He  made  three  inspirations  of  the  gas,  "  The 
first  inspiration  produced  a  sort  of  numbness  and 
loss  of  feeling  in  the  chest,  and  aljout  the  pectoral 
muscles.  After  the  second  inspiration,  he  lost  all 
power  of  perceiving  external  things,  and  had  no 

•  Dr.  Kay.  ■'  On  Asphyxia,"  p.  344. 
+  AnnaU  of  Scttitcf,  vol.  sxviii.,  p.  140. 
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mstinct  sensation,  except  a  terrible  oppression  on 
3  chest.  During  the  third  expiration  this  leel- 
^  disappeared,  and  he  seemed  sinking  into 
Zinihilation,  and  had  just  power  enough  to  drop 
pe  mouthpiece  from  his  unclosed  lips,"  The 
Sftects  of  this  experiment  lasted  for  several  hours, 
jproducing  excessive  pain,  extreme  weakness,  nau- 
sea, loss  of  memory,  and  deficient  sensation.* 
Carbonic  oxide  is  still  more  prejudicial  in  its 
action  on  the  animal  system.  Sir  Humphry  Davy, 
on  ti-ying  the  eltects  of  inhaling  a  small  quantity 
of  it,  was  seized  with  a  temporary  loss  of  sensa- 
tion, succeeded  by  giddiness,  sickness,  and  acute 
paina  in  different  parts  of  his  Irady,  and  it  was 
8ome  days  before  he  entirely  recovered ;  but  Mr. 
Witter,  of  Dublin,  who  tried  to  repeat  the  experi- 
ments, was  immediately  affected  with  apoplexy, 
and  was  restored  with  difficulty .f 

This  last-mentioned  gas  is  generated  by  all 
stoves  which  are  constructed  so  as  to  bum  with 
a  very  slow  draught ;  and  Dr.  Arnott's  stove 
hati  been  found  peculiarly  liable  to  produce  this 
deleterious  gas,  which  escapes  into  the  room 
through  the  ventilator  in  the  ash-pit,  and  is  ex- 
tremely unwholesome  in  small  close  rooms.  The 
carburetted  hydrogen  is  abundantly  produced  by 
the  gas  stoves,  in  consetiuence  of  a  portion  of  the 
gas  escaping  unburned  from  the  stove ;  and  this 
tinburned  gas,  when  combined  with  the  large 
quantity  of  vapour  which  is  produced  by  the  com- 
bnstion  of  carburetted  hydrogen,  as  already  de- 
cribed  (Art.  305),  renders  these  stoves  peculiarly 
nwholesome.  All  these  causes  of  deterioration 
:  the  air  affect  different  persons  in  very  different 


'  DttTj'a  "BeBearchea   on   Nitroas  Oxide;"  aleo  Paris, 
ftOn  Diet,"  p.  2»6. 
I  +  Ure's  "  DiotiODuy  of  CbemiBtry,"  art. "  GajboniG  Oxide." 
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degrees;  but  wherever  the  causes  exist,  the  result 
will  necessarily  be  derangement  of  the  animal 
system,  however  robust  the  persons  may  be  who 
are  exposed  to  their  influence;  but,  of  course,  the 
sensations  will  be  soonest  experienced  by  the  delicate 
and  the  valetudinarian. 

(342.)  It  remains  to  estimate  the  quantity  of 
air  which  is  required  to  be  changed  by  ventilation, 
in  order  to  preserve  its  purity  when  deteriorated 
by  rcBpiration  and  the  exhalations  from  the  human 
body. 

(343.)  The  quantity  of  air  necessary  for  respira- 
tion is  very  much  less  than  is  required  to  absorb 
the  vapour  given  off  from  the  skin  and  from  the 
lungs.  The  amount  of  vapour  from  this  cause,  we 
have  already  seen,  is  about  12  grains  ]>er  minute, 
when  the  individual  is  not  making  any  ]iarticulap 
muscular  exertions.  If  the  temperature  of  the  room 
be  60",  the  air,  when  quite  dry,  will  absorb  5'8  grains 
of  vapour  per  cubic  foot;  but  the  average  dew-point 
being  about  45%  the  air  will  previously  contain 
35  grains;  so  that  each  cubic  foot  of  air  will  be 
able  to  absorb  only  2^  grains  of  vapour.  Under 
these  circumstances,  the  2>er8piration  from  the  body 
vrill  saturate  5^  cubic  feet  of  air  per  minute.  But, 
in  estimating  the  quantity  of  air  which  is  tn  be 
warmed,  in  order  to  allow  of  sufficient  ventilation, 
thi  s  amount  may  be  considerably  reduced ;  because, 
as  45°  is  the  average  dew-point  for  the  whole  year,* 
it  will  be  much  lower  in.  winter  and  higher  in 
summer,  and  probably  will  not  exceed  20"  or  25'  on 
an  average,  during  the  time  that  artiflcini  heat  is 


•  This  is  for  the  neighbonrhood  of  London.  It  variea  of 
conrse  in  different  places,  and  ia  much  inilnenced  by  the  lire- 
vailing  winds.  An  easterly  wind  travelling  to  as  from  the 
Continent  of  Eorope,  and  across  the  dry  and  arid  coontrius 
of  tlie  Asiatic  Continent,  mast  neceaaarily  part  with  much  of 
its  moiflture,  acquired  from  the  Pacific  Ocean,  before  it  reaches 
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quired.  Every  cubic  foot  of  air  will  then  absorb 
1  additional  quantity  of  about  3^  to  4  grains  of 
vapour ;  and  we  may  therefore  estimate  the  quantity 
of  air  which  is  requisite  to  carry  off  the  insensible 
perspiration  at  3^  cubic  feet,  and  for  the  pulmonary 
supply,  a  quarter  of  a  cubic  foot  per  minute,  for 
each  individual. 

This  calculation  is  sufficient  for  estimating  the 
quantity  of  air  which  in  winter  is  required  to  be 
wanned  per  minute,  as  explained  (Art.  105).  But 
for  the  purpose  of  summer  vontilatlon,  a  larger 
allowance  should  be  made.  As  the  dew-[)oint  is 
much  higher  in  summer,  the  air  will  absurb  lees 
moisture  from  the  body,  while  at  the  same  time  the 
exhalations  from  the  body  are  considerably  greater 
in  summer  than  in  winter.  For  summer  ventilation, 
therefore,  from  five  to  ten  cubic  feet  of  air  per 
minute,  for  each  person,  is  the  smallest  quantity 
which  ought  to  be  changed,  in  order  to  maintain 
the  purity  of  the  room. 

(344.)  Other  causes  of  deterioration  of  the  quality 
of  the  air  exist,  such  as  the  consumption  of  oxygen 
and  the  elimination  of  e.xtraneous  gases  by  the 
burning  of  fires,  candles,  lamps,  &c. ;  but  as  all 
gases  are  capable  of  absorbing  equal  quantities  of 
vapour,  it  follows  that,  when  air  has  been  deterio- 
rated by  these  causes,  so  as  to  be  less  fit  for 
respiration,  it  is  still  just  as  capable  of  carrying  off 
the  vapour  from  the  surface  of  the  body  as  pure 
air;  and  therefore  no  special  allowance  needs  be 
made  for  these  causes  of  vitiation. 


QB,  and  therefore  it  will  be  to  us  a  dry  wind ;  whilo,  on  the 
contrary,  a  westerly  wind  is  always  charged  with  a  large 
quantity  of  moisture,  absorbed  during  its  passage  from  the 
American  Continent,  across  the  Atlantic.  Its  passage  over 
this  ocean— a  distance  of  8.000  miles — occnpiea  a  period 
varying  firom  3  to  10  days,  daring  which  time  it  is  constantly 
'mbibing  moisture  from  the  ocean. 
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(345.)  Some  persons  have  calculated  the  quan- 
tity of  air  which  is  required  for  ventilation  at  a 
mucli  greater  amount  than  is  here  stated.  Dr.  Held 
considers  that  ten  feet  per  minute  ought  to  be  allow- 
ed for  each  individual ;  and  in  some  of  his  experi- 
ments, at  the  House  of  Commons,  he  states  that  30 
cubic  feet  and  sometimes  even  60  cubic  feet,  per 
minute,  has  been  allowed  *  Such  coses  of  extreme 
ventilation  are  not  absolutely  necessary  ;f  and 
although  in  the  House  of  Commons,  where  these 
experiments  were  made,  a  larger  proportionate 
amount  of  ventilation  is  requisite  than  in  almost 
any  other  case,  it  is  very  difficult,  if  not  impossible,  to 
avoid  the  effect  of  draughts  when  such  excessive 
ventilation  is  produced.  In  all  ordinary  cases  also, 
the  expense  of  providing  such  a  great  amount  of  ven- 
tilation would  be  an  insuperable  objection  ;  though 
in  such  buildings  as  the  Houses  of  Parliament,  Uie 
expense  is  perfectly  unimportant,  provided  the  de- 
sired object  of  an  improved  atmosphere  be  obtained. 

(346.)  The  important  changes  in  the  chemical 
constitution  of  the  atmosphere  which  we  have  seen 
result  from  respiration,  heat,  and  combustion  im- 
peratively demand  a  constant  change  in  the  air,  in 
order  to  maintain  its  purity,  and  to  enable  it  to 
support  organic  life.  It  would  be  difficult  to  des- 
cribe this  fact  in  more  forcible  language  than  that 
which  formed  the  concluding  lecture,  at  the  Ecole 
de  Medecine,  by  M.  Dumas,  on  "  The  Cbemic&l 
Statics  of  Organized  Beings."  From  this  most 
interesting  lecture  some  veiy  short  extracts  can 
alone  be  given;  but  those  who  have  the  means  of 


•  RtjiorU  of  the  Brituh  Seie>it{fic  AMociation,  vol.  Til.,  p.  181. 

+  Wyman  ■'  On  Ventilation,"  p.  206,  considers  that  in  ho*- 
pitals  20  cubic  feet  per  minute  ia  necessary  to  maintain  proper 
purity  of  the  air. 
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consulting  the  document  at  large  will  derive  both 
pleasure  and  inetruction  from  its  perusal.* 

"We  have  proved  in  fact,"  says  M.  Dumas,  "that 
animals  constitute,  in  a  chemical  point  of  view,  a 
real  apparatus  for  combustion,  by  means  of  which 
burnt  carbon  incessantly  returns  to  the  atmosphere 
under  the  form  of  carbonic  acid  ;  in  which  hydro- 
gen, burnt  without  ceasing,  on  its  part  continually 
engenders  water ;  whence,  in  fine,  free  azote  is  in- 
cessantly exhaled  by  respiration,  and  azote  in  the 
state  of  oxide  of  ammonium  by  the  urine.  Thus 
from  the  animal  kingdom,  considered  collectively, 
constantly  escape  canionic  acid,  water  in  the  state 
of  vapour,  azote,  and  oxide  of  ammonium  ;  simple 
substances,  and  few  in  number,  the  formation  of 
which  is  strictly  connected  with  the  hiatory  of  the 
air  itself.  Have  we  not,  on  the  other  hand,  proved 
that  plants,  in  their  normal  life,  decompose  carbonic 
acid  for  the  purposes  of  fixing  its  carbon  and  of  dis- 
engaging its  oxygen  ;  that  they  decompose  water 
to  combine  with  its  hydrogen,  and  to  disengage 
also  its  oxygen  ;  that,  in  fine,  they  sometimes  bor- 
row azote  directly  from  the  air,  and  sometimes  in- 
directly from  the  oxide  of  ammonium  or  from  nitric 
acid,  thus  working,  in  every  case,  in  a  manner  the 
inverse  of  that  which  is  peculiar  to  animals  ?  If  the 
animal  kingdom  constitutes  an  immense  apparatus 
for  combustion,  the  vegetable  kingdom  in  its  turn 
constitutes  an  immense  apparatus  for  reduction  ; 
in  which  reduced  carbonic  acid  yields  its  carbon, 
reduced  water  its  hydrogen,  and  in  which  also  re- 
duced oxide  of  ammonium  and  nitric  acid  yield 
their  ammonium  or  their  azote. 

"  If  animals,  then  continually  produce  carbonic 
acid,  water,  azote,  oxide  of  ammonium — plants 
incessantly  consume  oxide  of  ammonium,  azote, 

•  TraQslated  in  the  London  ami  Kditiburgh  PMlotophical 
Magannt,  vol.  xix.,  p.  S88,  et  uq. 

A.A. 
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water,  carbonic  acid.  What  the  one  class  of 
beings  gives  to  the  air,  the  others  take  back  from 
it;  so  that,  to  take  these  facts  at  the  loftiest  point 
of  view  of  terrestrial  physics,  we  must  say  that  <w 
to  their  truly  organic  elements,  plants  and  animals 
spring  from  air — are  nothing  but  condensed  air.'' 

These  views  have  been  beautifully  investigated 
and  explained  in  the  lecture  of  M.  Dumas,  here 
alluded  to,  and  also  by  M.  Liebig,  in  his  excellent 
works  on  animal  and  vegetable  chemistry.  The 
effects  of  animal  respiration  we  have  already  ex- 
amined at  some  length.  The  respiration  of  plajits 
is  a  subject  of  much  interest  to  the  horticulturist, 
although  several  points  connected  with  it  are  still 
ondecided,  and  remain  matters  of  dispute  even 
among  men  of  the  first  rank  in  science. 

(347.)  The  effects  of  a  factitious  atmosphere  are 
less  injurious  to  vegetable  than  to  animal  Ufe. 
Vegetables  appear  to  have  a  power  of  accom- 
modating their  functions,  in  some  degree,  to  the 
nature  of  the  gaseous  elements  by  which  they  are 
surrounded.  That  solar  light  has  a  powerful 
effect  on  vegetables  has  long  been  acknowledged; 
and  under  this  influence  they  exhale  large  por- 
tions of  oxygen  and  moisture.  Dr.  Daubeny  tuts 
ascertained  that  the  same  action  is  produced  id 
the  absorption  of  moisture  by  the  roots,  and  the 
exhalation  of  it  by  the  leaves  of  plants,  whetlier 
they  are  exposed  to  a  strong  light,  or  with  a 
smaller  degree  of  Hght  they  receive  a  consider- 
able portion  of  ratiiant  heat.*  So  powerful, 
indeed,  is  the  action  of  light,  that  M.  CondoUe 
has  found  that  plants,  during  the  day,  and  when 
exposed  to  the  light,  are  wholly  uninjured  by  tlie 
action  of  gases,  which  quickly  destroy  them  ul 
night ;  and  even  the  application  of  chlorine  ani 
other  deleterious  substances  to  the  roots  of  plauts 

•  UepoTU  of  the  Brituh  Scimtifio  .■Uwriatwii,  vol.  IT.,  p.  73. 
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is    iDDocuous  during    the    day,    though    they  are 

greeently  destroyed  by  similar  treatment  at  night. 
ulphuretted  hydrogen,  nitrous  acid  gas,  muriatic 
acid  gas,  and  chlorine,  were  severally  tried  in  this 
manner,  with  similar  results  in  each  case,* 

It  has  been  generally  suppot-ed  that  plants 
exhale  carbonic-acid  gas  during  the  night  ;  but 
this,  by  Or.  Dalton's  experiments,  appears  doubt- 
ful: for  be  states  that,  by  numerous  analyses  of 
the  air  of  hothouses,  he  has  always  found  it  to 
contain  during  the  day,  as  well  as  during  the 
night,  the  same  proportions  of  carbonic-acid  gaa.f 

The  action  of  fruits  on  the  air  has  been  stated  by 
M.  Berard  in  his  Essay,  which  received  the  prize 
from  the  French  Academy  of  Sciences,  to  produce 
a  constant  elimination  of  carbon,  under  all  circum- 
stancea.J  This  opinion  has  been  controverted,  and, 
as  it  is  supposed,  successfully,  by  M.  de  Sauasure, 
who  states  that  green  fruit  has  the  same  infliienee 
on  the  air  as  the  leaves  have — the  action  of  the 
former  being  rather  less  intense;  but,  in  proportion 
as  the  fruit  ripens,  its  power  to  decompose  carbonic- 
flcid  gas  becomes  feebler.^ 

Although  it  would  a]»pear  tliat  the  purity  of  the 
r  is  not  of  so  much  importance  to  vegetation  as 
Sis  to  the  animal  economy,  still,  aa  many  of  the 
gases  which  are  innocuous  to  plants  during  the  day 
are  deleterious  to  them  in  the  night,  it  is  necessary 
to  prevent  any  considerable  deterioration  of  the 
air,  in  order  to  preserve  them  in  a  healthy  state. 
Hence  it  becomes  an  important  matter,  when  it  is 
an  object  to  obtain  fruits  and  flowers  of  the  finest 


',■  •  London  and  Edinburyh  PhilDtopkical  Maga^nt,  vol.  iv., 

[  "f  lUportt  ijf  the  Briliih  Scientific  Auociatian.  vol,  vi,,  p,  68. 
*£  Annalade  Chimie,  vol.  xri,,  p.  152;  and  QuaTterly  Journal 

.  «,,  p.  396. 
I  Qtuuterly  Journal  of  Science,  vol.  ziii.,  p.  162. 
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descriptions,  to  employ  only  such  means  of  pro- 
ducing artificial  heat  as  do  not  eliminate  extraneoua 
gases  to  the  air;  and  experience  has  proved  that, 
since  the  general  introduction  of  the  plan  of  heating 
buildings  by  hot  water,  horticulturists  have  found 
their  plants  to  be  more  healthy  and  productive,  than 
with  the  old  methods  of  warming  buildings. 

The  general  principles  of  physiology,  which  have 
here  been  discussed,  will  enable  a  correct  opinion  to 
be  drawn  as  to  the  effects  on  organic  life  of  any 
method  of  producing  artificial  heat.  It  is  not  to 
any  particular  invention  that  these  remarks  apply 
— they  equally  affect  all;  and  when  any  new  plana 
for  heating  buildings  are  brought  under  the  public 
notice,  it  will  be  well  for  those  who  value  their 
health,  to  test  the  merits  of  these  inventions  by  the 
general  principles  which  have  here  been  explained. 
That  a  vast  amount  of  ill  health,  and  great  con- 
sequent physical  suffering,  is  produced  solely  by 
ignorantly  using  noxious  modes  of  artificial  warm* 
ing,  is  certain;  and  it  is  really  lamentable  sometimes 
to  see  people  slowly  and  surely  undermining  their 
health,  by  persisting  in  the  use  of  some  of  these 
modem  inventions,  and  thus  sacrificing  the  greatest 
blessing  which  Heaven  bestows  on  man,  by  wilful 
ignorance  of,  and  even  setting  at  defiance,  those 
laws  which  bind  man  to  the  whole  physical  universe, 
and  of  which  not  even  the  smallest  can  be  violated 
with  impunity. 


CHAPTER   IV. 

ON   THE  VARIOUS  METHODS  OF  PRODUCING 
VENTILATION. 


tontaneoas  and  Mechamcal  Methods  of  YentOatioii — Oaaee 
of  Motion  in  Spontaneous  Ventilation — Velocity  of  Dis- 
charge—Effects  of  unequal  height  of  Discharge  Pipes — 
Defects  in  Ventilation  of  Cburohea — Proportions  of  Induc- 
tiOD  and  Abduction  Tubes — -Quantity  of  Air  discharged 
through  Ventilators — Ventilation  by  Heat  and  hy  Ghinmey 
Draughts — Mechanical  Ventilation  by  Fans,  Bellows,  and 
Pumps— Quantity  of  Air  discharged   by  these   Means — 

J  Calculation  of  Power  expended — Cowls  used  for  promoting 
Tentilation — Effect  of  d^erent  Forms  of  Cowls. 
(348.)  The  different  modes  of  producing  ventila- 
tion may  all  be  classed  under  two  general  heads — 
the  natural  and  the  mechanical.  All  the  methods 
of  spontaneous  effusion,  produced  by  the  unequal 
density  of  two  columns  of  air,  whether  caused  by 
chiomey  draughts  or  otherwise,  belong  to  the  former 
class:  while  the  various  methods  of  ventilating^  by 
fans,  bellows,  pumps,  and  other  similar  contrivances, 
belong  to  the  latter  class.  Of  these  different  modea, 
the  mechanical  is  the  most  effective;  the  natural 
generally,  but  not  always,  tlie  most  economical, 

(349.)  The  primary  force  which  produces  motion 
in  spontaneous  ventilation  is  the  difference  o 
specific  gravity  of  the  two  columns  of  air.  K  a 
column  of  air  contained  in  a  tube  or  chimney  be 
heated,    it   expands    according   to   an   ascertained 
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law,  applicable  to  all  gaseous  bodies,  namely,  tlut 
the  expansion  is  equal  to  su  of  its  volume  for  each 
degree  of  Fahrenheit  that  the  temperature  is  raised 
from  32"  to  212".  If  this  column  of  air  be  10  feet 
high,  and  have  its  temperature  raised  20°,  then  it 
will  expand  ^,  or  ^,  of  its  bulk;  so  that  its  specific 
gravity  would  be  diminiehed,  and  it  would  require 
a  column  of  air  10  feet  5  inches  high  ta  balance 
a  column  of  the  external  air  10  feet  high,  when  the 
temperatui'e  of  the  latter  is  20°  lower  than  that  of 
the  former.  But  as  the  height  of  the  heated  column 
is  limited  by  the  height  of  the  tube  or  cbimne}^, 
which  we  suppose  to  be  only  10  feet  high,  toe 
colder  column  presses  it  upwards  with  a  force 
proportionate  to  this  difference  in  weight,  and  with 
a  velocity  equal  to  that  acquired  by  a  body  falling 
through  a  space  equal  to  the  difference  in  height 
that  two  columns  of  equal  weight  would  occupy, 
which  m  this  case  is  5  inches.  Now  the  law  of 
gravitation  is  this:  that  the  velocity  of  descent  is 
relatively  as  the  square  root  of  the  distam^e  through 
which  the  body  falls;  and  as  a  body  falls  16i^  feet 
in  a  second  (or  16  feet,  neglecting  the  fraction), 
the  velocity  will  he,  agreeable  to  the  well-known 
law  of  gravitation,  ecjuat  to  eight  times  the  square 
root  of  the  height  of  descent,  in  decimals  of  a  foot; 
or  2  <i g.  h.  where  g  is  the  distance  through  which  a 
falling  body  descends  in  one  second  of  time,  namely, 
1609  feet,  and  h  the  height  of  the  descent.* 

In  the  case  we  have  supposed,  five  inches  is  the 
height  of  the  effective  descent  of  the  heavy  colnnm 
of  air.  This  fell  of  five  inches  is  equal  to  '416 
of  afoot;  therefore,  by  the  rule,  2V16U9  x  'Wt 
=  5'174fect  per  second,  or  310  feet  per  minute, 
will  be  the  velocity  with  which  the  heated  column 
of  air  would  be  forced  through  the  tube  or  chimney 

•  See  Chapter  V.,  Part  H. 
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supposed.     If, 


circumstances  we  liave  ; 
Sterefore,  the  tube  were  one  foot  square,  there 
would  pass  out  310  cubic  feet  of  air  per  minute. 
This  rate  of  efflux,  however,  Is  subject  to  certain 
corrections,  on  account  of  the  contaminations  which 
increase  the  specific  gravity  of  the  escaping  air,  and 
also  in  consequence  of  friction,  arising  from  various 
causes,  but  more  particularly  in  consequence  of 
angular  deviations  in  the  tubes.  In  straight  tubea, 
the  friction  is  found  to  be  in  all  cases  directly  as 
the  length  of  the  tube,  and  inversely  as  the  diameter. 
In  general  practice,  a  deduction  of  from  one-fourth 
to  one-third  of  the  initial  velocity  is  necessary  to 
compensate  for  these  several  effects,  and  to  represent 
the  true  rate  of  efflux.  The  velocity  of  discharge 
per  second  through  ventilating  tubes,  or  cbimneys, 
will  therefore  be  found  (after  the  difference  in  height 
of  the  two  columns  of  air  has  been  calculated  in  the 
manner  already  stated)  to  be  equal  to  eight  times 
the  square  root  of  the  difference  in  height  of  the  two 
columns  of  air  in  decimals  of  a  foot;  this  number 
reduced  one-fourth,  to  allow  for  friction,  and  the 
^gemmnder  multiplied  by  60,  will  give  the  true 
^Melocity  of  efflux  per  miiiute ;  and  the  area  of  the 
Hpnbe  in  feet,  or  decimals  of  a  foot,  multiplied  by 
^^ids  latter  number,  will  give  the  number  of  cubic 
feet  of  air  discharged  per  minute. 

(350.)  In  calculating  the  rate  of  efflux  of  the 
air  from  any  room  or  building,  it  is  not  merely 
the  height  of  the  room  which  must  he  considered, 
but  the  total  height  of  the  column  of  heated  lur. 
Thus,  if  the  ventilating  tube  passes  through 
another  room  or  loft  over  the  room  to  be  ventilated 
before  it  discharges  the  vitiated  air  into  the 
atmosphere,  the  total  vertical  height  from  the  6oor 
of  the  room  to  the  top  of  the  tube  is  the  effective 
height  of  the  column  of  heated  air.  If  the  tube  in 
B  course  passes  horizontally,  this  additional  length 
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may  be  neglected  in  the  calculation  in  all  ordinaiy 
cases,  as  it  makes  no  other  differeace  in  the  result 
except  that  of  increasing  the  fiiction  by  so  much 
additional  length.  The  vertical  height  is  that 
which  alone  governs  the  rate  of  the  discharge,  and 
the  horizontal  length  of  the  tube  is  merely  one  of 
the  fortuitous  circumstances  which  sUghtly  modify 
the  result.* 

(351.)  As  the  vertical  height  of  the  column  of 
heated  air  governs  the  velocity  of  discharge  in  the 
ratio  of  the  square  root  of  the  height  of  the  column, 
it  is  necessary  if  more  than  one  ventilating  tube  or 
opening  for  the  escape  of  the  heated  and  vitiated 
^r  be  made,  that  they  shall  all  be  similar  in  height, 
otherwise  the  highest  vent  will  prevent  the  efficient 
acting  of  the  lower  one,  and  the  discharge  may  even 
be  leas  through  the  two  tubes  than  it  would  be  with 
the  upper  one  alone.     The  cause  of  this  apparently 

Earadoxical  effect  is  not  difficult  of  explanation. 
F  we  suppose  a  tube,  open  at  both  ends,  to  be  filled 
with  heated  air,  it  is  evident  the  velocity  of  the 
ascent  will  be  proportional  to  the  height  of  the  tube 
and  the  excess  of  temperature  of  the  air  which  it 
contains,  the  weight  of  the  external  air  pressmg  the 
lighter  column  upwards,  as  already  explained.  But 
if  another  opening  be  made  at  the  side  of  the  tube, 
at  one-half  the  total  height,  then  this  opening  at 
the  side  will  not  emit  any  portion  of  the  heated 
air,  but  will,  on  the  contrary,  admit  a  quantity  of 
cold  air;  and  the  velocity  of  its  admission  will  be, 
like  that  of  the  cold  air  at  the  bottom  of  the  tube, 
in  proportion  to  the  height  of  the  heated  column 
of  air  in  the  tube  above  the  opening.     Now,  aa  the 

'  This  remark  mast  be  taken  with  its  proper  ltmit«tiOD, 
for  oases  muy  arise  vhere  the  friation  caused  by  iLe  bonzonti^ 
tnbe  ma;  become  a  very  important  element  in  reil'ioing  tbo 
velooity  of  the  discharge  when  the  horizontal  lungth  is  great 
in  proportion  to  the  vertical  height. 
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oolamn  of  air  above  this  opening  is  only  one-half 
the  height  of  that  above  the  former  opening  at  the 
bottom  of  the  tube,  the  velocity  with  which  the  air 
enters  it  will  be,  compared  to  the  velocity  with 
which  it  enters  the  opening  at  the  bottom,  as  the 
Bquare  root  of  the  height  of  the  heated  column  of 
air  above  the  respective  openings.  Both  these 
openings  will  therefore  admit  cold  air  at  the  same 
time ;  but,  by  tlie  admission  of  the  cold  air  at  the 
middle  of  the  tube,  the  temperature  of  the  auperin- 
cnmbent  atmosphere  above  the  lower  opening  will 
be  reduced,  and  the  velocity  with  which  the  air 
enters  the  lower  opening  will  therefore  be  dimi- 
nished; the  excess  of  temperature  of  the  air  in  the 
tube  being  the  primum  mobile  of  the  efflux,  The 
interference  of  the  different  currents  will  likewise 
reduce  the  quantity  of  air  discharged;  and  the 
total  result  will  be  that  somewhat  less  air  would 
be  discharged  under  these  circumstances  than  if 
the  whole  of  the  air  had  entered  at   the  bottom. 

(352.)  Precisely  the  same  effects  as  here  de- 
Bcribed  take  place  in  the  ventilating  of  rooms  by 
openings  at  any  height  above  the  level  of  the  floor. 
The  highest  opening  alone  will  act  as  the  abduc- 
tion tube,  and  all  openings  below  this  will  act  as 
induction  tube,  reducing  the  discharge  by  lower- 
ing the  temperature  of  the  air  of  the  upper  part 
of  tbe  room,  and  also  by  causing  in  it  counter- 
currents.  Some  modifications  of  this  result  will, 
however,  occasionally  occur,  as,  for  instance,  when 
the  abduction  tube  is  too  small ;  in  which  case, 
the  next  lowest  opening  will  also  act  in  carrying 
off  the  heated  air.  On  the  other  hand,  when 
the  openings  for  the  admission  of  cold  air  are 
too  small  in  proportion  to  those  for  the  egress  of 
the  hot  air,  then  the  current  of  cold  air  will  de- 
scend through  part  of  the  hot-air  tube,  and  the 
hot  air  will  ascend  through  the  other  part  of  the 

me  tube. 
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These  effects  are  frequently  very  sensibly  felt  in 
cliurchee  and  other  buildings,  where  part  of  the 
ventilation  is  effected  by  means  of  the  windows. 
The  cold  air  entering  at  tiiese  windows  generally 
descends  upon  the  heads  of  those  who  are  placed 
near  them.  The  effect  of  tbis  entering  current  iB 
to  lower  the  temperature  of  the  vitiated  air,  which 
parts  with  a  portion  of  its  heat  to  the  fresh  air 
entering  the  building,  and  the  vitiated  air  being 
heavier  than  fresh  air  of  the  same  temperature,  it 
foils  by  its  greater  specific  gravity,  and  is  again 
breathed  by  the  persons  assembled,  instead  of  the 
pure  air  which  they  would  have  received,  had  the 
openings  for  the  aamission  of  the  fresh  air  been  at 
or  near  the  floor  of  the  building. 

No  plan  of  ventilation  can  be  worse  than  that 
just  described,  which,  however,  ia  the  method 
ado]>ted  in  a  very  great  majority  of  churches  and 
other  large  buildings.  Notwithstanding  this  plan 
has  obtained  such  extensive  adoption,  it  is  certwn 
that  it  is  opposed  to  every  sound  principle  of 
science,  and  has  had  ifs  rise  in  the  most  perfect 
ignorance  of  the  physical  laws  ;  and  no  better 
proof  than  this  needs  be  adduced  to  show  how 
very  little  the  true  principles  of  ventilation  have 
been  studied,  and  how  erroneous  any  conclusions 
on  this  subject  are  likely  to  prove  that  are  not 
based  on  the  known  laws  which  govern  the 
motion  of  fluids. 

(353.)  In  all  the  methods  of  ventilation,  it  is 
advisable  to  make  the  aggregate  area  of  the  open- 
ings that  admit  the  fresh  air  larger  than  the 
aggregate  openings  for  the  efflux  of  the  vitiated 
air.  This  becomes  necessary  notwithstanding 
the  increase  of  volume  which  takes  place  in  the 
heated  and  vitiated  air.  If  the  opposite  course  be 
adopted,  and  the  abduction  tubes  be  larger  than 
the  eduction,  then  a  counter-current  takes  place  in 
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the  hot-air  or  ventilating  tubes,  and  the  cold  air 
desceuds  through  them  ;  but  by  making  the  induc- 
tion tubes  numerous,  and  of  a  large  total  area, 
the  velocity  of  the    entering  current  is  reduced, 
lifted  unpleasant  draughts  are  avoided.     It  is  also 
^BXpedient  to  divide  the  entering  current  as  much 
^^U  possible.      By  so  doing   it    prevents  the  dan- 
P^erous  effects  of  cold  draughts,  when  the  enter- 
'      ing  current  is  colder  than  the  air  of  the  room  ; 
and  when  it  is  hotter  than  the  air  of  the  room,  it 
prevents  the  air  from  rising  too  rapidly  towards 
the    ceiling,    and    therefore    distributes    it    more 
equally  throughout  the  apartment.     Provided  the 
l^aggregate  openings  for  the  admission  of  cold  air 
^Hte  not  less  in  size  than  those  for  the  emission  of 
^^me  heated  air,   the  quantity  of  air  which  enters 
^K  room  depends  less  upon  the  size  or  number  of 
the  openings  which  admit  the  fresh  air  than  upon 
the  size  of  those  by  which    the    vitiated  air  is 
carried  off.     This  will  be  evident  when  it  is  con- 
sidered that,  the   room    being   always    absolutely 
fidl  of  air,  no  more  air  can  enter  until  a  portion 
of  that  already  in  the  room  be  removed.     But  as 
soon  as  a  portion    of  the    air  which    previously 
occupied  the  room  is  removed,  a  similar  quantity 
of  fresh   air   rushes   in    to  supply  its    place,  the 
quantity    entering   being    exactly    equal    to    that 
which  escapes.*     The  only  exception  which  occurs 
^to  this  rule  is    the    slow  interchange  among  the 
^nuticles  of  air  which  takes  place,  according  to  the 
^^pfvs  of  gaseous  diffusion,  through  the  lower  as 
^Hcell  08  the  upper  openings  of  the  room,  and  which 

•  This  deecriiitiou,  perhaps,  scarcely  gives  the  eiaot  cir- 
cnmsUiiceB  of  the  case ;  for  ia  spoutaoeoua  veutilniioii  a 
small  porlion  of  the  oold  air  will  enter  before  auy  discharge 
takes  place  from  the  room.  The  compresiwn  produced  i^ 
the  heab  sii-  eni«riug  causes  the  heated  air  to  flow  out  as 
'  Bcribed  Art.  850. 
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continues  so  long  as  any  inequality  exists  either  in 
the  specific  gravity  or  in  the  composition  of  the 
gaseous  matter.  This  diffusion  among  the  pai'ticles 
of  different  gases  is  known  as  the  laws  of  endosmose 
and  exosmose,  and  the  effects  are  remarkable  in 
many  cases. 

(354.)  The  following  Table  will  show  the  dis- 
charge per  minute  through  a  ventilator  one  foot 
square,  for  various  heights  and  differences  of  tem- 
perature, the  allowance  which  has  already  been 
stated  (Art.  349)  having  here  been  made.  The 
discharge  through  a  ventilator  of   any  other  size 


Table   XXYIII. 

Table  of  the  Quantity  of  Ait,  is  Oabio  Feet,  discharged  per 
Miunte  through  a  Ventilator  of  wltioh  the  Area  is  ooe 
Square  Foot. 


H^. 

Eitomal  Air. 

1 

in  Feet. 

6° 

10^ 

16" 

20° 

25° 

80' 

10 

116 

164 

200 

235 

260 

284 

16 

142 

202 

245 

284 

318 

848 

20 

164 

232 

285 

330 

368 

404 

25 

184 

260 

818 

268 

410 

450 

30 

201 

284 

847 

408 

450 

493 

85 

218 

306 

376 

436 

486 

631 

40 

235 

829 

403 

465 

518 

670 

46 

248 

348 

427 

493 

661 

606 

60 

260 

867 

450 

618 

579 

635 

*,*  The  above  Table  shows  the  discharge  through  a  venti- 
lator  of  any  height,  and  for  any  diCFerence  of  temperatim- 
Thas,  suppose  the  height  of  the  ventUator,  from  the  floor  of 
the  room  to  the  extreme  point  of  disaharge,  to  be  SO  feet, 
knd  the  dlSerenoe  between  the  temperature  of  the  room  and 
I  of  the  external  air  to  be  16",  then  the  discharge  through  a 
I  ventilator  one  foot  squ&re  will  be  847  oubio  feet  per  mirntt*. 
t  the  height  be  40  feet,  and  the  diCTerenoe  of  temp«rAtiin 
"',  then  the  discharge  will  be  465  cubic  feet  per  miniM. 
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may  easily  be  calculated,  because,  aa  the  area  is 
here  144  square  inches,  we  have  only  to  multiply 
the  number  of  feet  found  by  the  Table,  by  the 
number  of  square  inches  in  the  area  of  the  proposed 
ventilator,  and  then,  by  dividing  that  number  by 
144,  the  quotient  will  be  the  quantity  sought, 
■which  will  represent  the  number  of  cubic  feet  of 
air  that  will  be  discharged  per  minute  by  the  pro- 
posed ventilator. 

(355.)  As  the  discharge  through  any  given 
height  and  size  of  ventilator  ia  less  in  proportion  as 
the  difference  between  the  external  and  internal 
temperature  is  smaller,  it  follows  that  it  will  be 
most  difficult  to  obtain  ventilation  in  hot  weather. 
In  summer,  either  the  number  or  the  dimensions  of 
the  ventilators  should  Ije  increased  ;  otherwise  a 
room  which  is  well  ventilated  in  winter  will  be 
extremely  uncomfortable  in  summer.  The  increase 
in  size  can  be  effected  by  having  moveable  ventila- 
tors, which  can  be  contracted  at  pleasure  ;  and  the 
actual  size  of  the  trunk  or  channel  which  conveys 
the  air  away  should  be  sufficiently  large  to  carry 
off  the  greatest  quantity  of  air  required  for  summer 
ventilation. 

(356.)  The  method  of  spontaneous  ventilation 
which  has  been  described  requires,  in  every  case, 
that  the  air  of  the  room  to  be  ventilated  shall  be  of 
a  higher  temperature  than  the  external  air.  In  very 
hot  weather  and  with  crowded  assemblies,  thia 
method  is  generally  insufficient  to  secure  a  whoie- 
Bome  and  comfortable  state  of  the  atmosphere. 
But  artificial  means  have  long  been  in  use  for 
increasing  this  effect.  This  is  accomplished  in 
two  ways  :  either  by  heating  the  air  in  the  upper 
part  of  the  ventilating  tube,  which  causes  it  to 
ascend  with  greater  rapidity,  and  thereby  to  draw 
it  out  of  the  room  or  building ;  or  by  causing  the 
!  building  to  pass  through  a.  fiimace, 
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from  which  all  other  supply  of  air  is  excluded. 
Both  these  plans  have  been  extensively  used,  and 
both  answer  the  intended  purpose.  The  principal 
theatres  in  London  are  ventilated  by  the  former 
method,  advantage  being  taken  of  the  heat  of  a 
large  chandelier  placed  near  the  ceiling  in  the 
centre  of  the  house.  The  heat  of  this  chandelier 
causes  a  great  rarefaction  of  the  air,  and  increases 
the  draught  ;  and  it  thence  passes  out  through 
tubes  into  the  open  atmosphere,  the  building  being 
supplied  with  fresh  air  from  below.  The  method 
of  ventilating  by  causing  the  vitiated  air  to  pass 
through  a  furnace  has  also  been  long  and  exten- 
sively employed,*  In  many  manufactories,  this 
method  is  economically  applied,  where  fire-heat  is 
used  either  for  steam-engines  or  other  purposes- 
All  that  is  necessary  is  to  conduct  the  air  from 
the  rooms  requiring  ventilation,  through  tubes, 
into  the  ash-pit  of  the  furnace,  all  other  supply 
of  air  to  the  ash-pit  being  prevented  ;  and  the 
draught  of  the  fire  causes  a  rapid  abstraction 
of  air  from  the  building,  which  is  immediately 
supplied  by  fresh  air,  and  produces  a  thorough 
venttlation.f 

(357.)  The  most  extensive  application  yet  made 
of  this  principle  was  that  employed  by  Dr.  Reid,  for 
the  ventilation  of  the  temporary  Houses  of  Parlia- 
ment In  the  year  1836.      For  this  purpose  a  lai^ 

•  In  1739,  Mr.  Sutton  proposed  this  plan  of  ventilatian; 
but  Dr.  DesEtguIiers,  iu  1723,  appears  to  b&ve  adopttid  a  pUn 
soa)eTcbB.t  sunilar  for  Ventilating  tbe  Hoase  of  Coinmoua 
(Desagulier'fl  Ejcjimmmtlai  PhUowpky,  vol.  ii.,  p.  560) ;  Uioagli 
iu  reality  the  invention  of  applying  fire-heat  to  produoe  a 
draught  of  air  was  long  prior  to  either  of  these  dat«fl,  and 
was  lirst  proposed  by  Agrioola,  in  ths  eisteenth  oeutnty. 
(See  Chapter  m..  Part  II.,  Art.  811.) 

t  Tbe  quantity  of  air  which  wonld  be  thas  vithdtawn  from 
a  building  by  these  means  may  be  estimated  by  vbat  is  atated 
in  the  Note,  Art.  897. 
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chimney  was  erected,  with  &  furnace  of  propor- 
tionate size,  and  the  air  was  drawn  oft'  Scorn  the 
ceilings  of  the  buildings  with  great  rapidity,  passing 
downwards  through  a  tunnel  into  the  bottom  of 
the  furnace,  and  thence  through  the  fire.  The 
quantity  of  air  thus  mthdrawn  is  governed  by  the 
force  of  tlie  fire.  In  this  case  it  was  veiy  great, 
for  by  means  of  this  furnace  the  whole  air  in  the 
House  of  Commons  could  be  changed  in  a  very  few 
minutes. 

( 358. )  The  ventilation  of  the  old  House  of  Com- 
s  was,  for  many  years,  a  subject  of  complaint, 
id  it  engaged  the  attention  of  many  practical 
_  scientific  men.  The  apparatus  which  was 
erected  for  this  purpose  in  the  temporary  House 
of  Commons  in  the  year  1836,  appears,  however, 
to  have  been  a  most  expensive  contrivance  for 
accomplishing  the  object. 

Dr.  Ure  has  written  a  useful  memoir  on  the 
subject  of  ventilation,*  in  which  he  compares  the 
advantages  of  these  two  methods  ;  and  he  esti- 
mates the  relative  cost  of  ventilating  by  a  fan, 
compared  with  that  by  chimney-draught,  as  about 
1  to  38.  In  his  calculations  on  this  subject, 
however,  he  has  apparently  been  led  into  an 
error.  His  experiments  on  the  consumption  of 
fuel  to  produce  a  given  effect  by  chimney-draught 
were  all  made  on  furnaces  used  either  for  steam- 
boilers  or  for  brewers'  coppers.  But,  as  it  could 
only  be  the  residual  heat  of  the  furnace  which  be- 
came available  in  his  experiments,  after  the  prin- 
cipal part  of  the  heat  given  off  by  the  coal  had 
been  absorbed  by  the  boUer,  it  is  certain  that  any 
calculation  founded  on  the  eftect  produced  in  this 
manner  must  be  considerably  below  the  truth. 
But  although  the  relative  cost  of  fuel  will  not  be 
BO  greatly  different  as  Dr.  Ure  supposes,  under 
Proceedings  of  Iioi,al  Society,  IQtli  June,  1886. 
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any  circumBtances  the  difference  between  the  two 
methods  must  be  very  considerable. 

(359.)  The  efficiency  of  the  mechanical  method 
of  ventilation  by  a  fan  turned  by  machineiy,  hu 
been  proved  so  extensively  in  some  of  the  largest 
buildings  and  manufactories  in  the  kingdom,  that 
it  might  perhaps  appear  singular  Dr.  Reid  shoold 
have  adopted  so  expensive  a  method  of  ventilation 
as  that  obtained  by  chimney  draught-  But  the 
requirements  of  such  buildings  as  the  Houses  of 
Parliament  are  quite  different  to  all  other  buildings: 
and  the  successive  experiments  made  in  the  ventila- 
tion of  these  buildings  for  now  nearly  forty  years, 
appear  to  result  in  the  conclusion  that  ventilatiDg 
by  chimney  draught,  though  very  much  the  most 
expensive,  possesses  advantages  for  these  particoUr 
buildings,  hardly  obtainable  by  other  means. 

These  experiments  which  have  been  carried  on  at 
a  cost,  as  it  is  supposed,  of  half-a-million  of  money, 
commenced  in  the  year  1836,  under  Dr.  Reid.  By 
his  plan  large  coke  fires,  burning  under  an  im- 
mense chimney,  were  employed  to  draw  out  the 
foul  air  from  the  house.  This  was  afterwards  com* 
bined  with  revolving  fans,  30  feet  in  diameter, 
driven  by  steam,  for  forcing  in  fresh  air,  either 
heated  or  cooled,  according  to  the  season  of  the 
year,  for  supplying  the  place  of  the  air  extracted 
by  the  chimney  draught.  On  the  retirement  of 
Dr.  Reid,  about  the  year  1848,  various  echemea 
for  the  warming  and  ventilating  these  buildings 
were  proposed  and  partially  carried  out,  with- 
out any  very  definite  results.  In  1851,  Mr. 
Goldsworthy  Gurney  was  consulted,  and  a  year  or 
two  later  he  received  the  appointment  for  arranging 
and  superintending  all  tlie  warming  and  ventila- 
ting arrangements.  Great  alterations  were  then 
made.  The  steam  jet  was  now  applied  for  the 
ventilation,  and  after  considerable  trials  was  given 
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unsuitable  for  the  purpose.     The  warming 
ngeraents  were  all  reconstructed.     The  venti- 
lation was  changed  from  an  n|)wurd  to  a  downward 
draught,  and  the  windows  of  the  house  were  made 
to  open    which    hatl    before   been    closed.     These 
""ms  underwent  several  alterations.     The  venti- 
;ion  by  chimney  draught  was  again  introduced. 
_'ans    for   giving   motion  to  the  air   were    again 
employed;  and  the  heating  was  effected  by  high- 
pressure  steam  in  conjunction  with  an  arrange- 
ment called  "  steam  batteries,"  constructed  on  the 
principle    as    Sylvester's    stoves,    described 
208.    After  various  alterations  the  present  plan 
.s  adapted,  by  which  the  powerful  furnaces  with 
upcast  shaft  were  used  for  extracting  the  foul 
from  the  ceiling.     The  fresh  au-,  either  heated 
steam  batteries  in  winter,  or  cooled  by  ice  in, 
summer,  was  made  to  enter  through  the  cast  iron 
perforated   floor   covered    with  a    i)eculi.'ir    open 
matting  of  whip  cord,  and  also  partly  forced  in  by 
air   pumps   or    bel  lows    worked   by    steam.     The 
aiTangements  of  Dr.  Reid  for  washing  the  air  by 
ising   it  through  canvas  wetted  by  fine  spray 
},  were  improved  and  extended,  and  the  arrange- 
ints  may  now  be  considered  as  a  combination  of 
the  previous  plana  which  had  been  separately 
icd,  condemned,    and    approved,    but   which  in 
bination    ap])ear    to   accomplish   all    that  can 
lonably  be  expected  in  such  a  building.    By  the 
teat  arrangement   any  degree  of  warmth;  any 
lount  of  ventilation ;  any  degree  of  moisture  or 
ness  of  the  air  can  be  produced.     Any  one  of 
ise  conditions  can  be  altered  in  a  few  moments 
almost  any  extent,  and  with  absolute  certainty; 
1  could  the  various  members  of  the  two  Houses 
iy  agree  as  to  the  temperature,  the  (|uantity  of 
,  and  its  degree  of  moisture  which  they  prefer, 
rery  one  of  these  conditions  could  be  fulfilled  by 
B  n 
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the  present  apparatus  with  instant  and  unfailing 
precision.  This  agreement  of  opinion  is  never 
likely  to  lie  attained.  The  difterent  physical  con- 
ditions of  the  occupants  of  these  buildings,  by  age, 
conBtitution,  and  hal)it,  and  the  ever  varying 
feelings  of  excitement,  or  repose,  or  exhaustion 
which  they  es])erience,  renders  it  impossible  to 
meet  the  desires  of  individuals  so  variously  affected. 
If  satisfaction  in  this  matter  could  be  looked  for 
under  such  circumstances,  it  might  be  found  under 
the  jiresent  very  efficient  arrangements  carried  on 
under  the  superintendence  of  Dr.  Percy,  and  those 
with  whom  he  is  associated. 

(;J60,)  The  Marquis  de  Chabannes,  about  the 
year  1816,  extensively  applied  the  other  "mode  of 
ventilation  which  has  been  alluded  to,  by  arti- 
ficially heating  the  air  by  means  of  stoves,  after 
it  has  pmsed  through  openings  in  the  ceiling.  By 
these  means  the  draught  is  greatly  increased.  This 
plan  was  applied  to  several  very  large  buildings, 
and  among  others  to  the  old  Houses  of  Parliament. 
Ic  has  Ijeen  fully  described  by  the  Marquis,  in  a 
pamphlet  published  by  him  in  1818;  but  it  appears 
now  to  have  fallen  into  disuse.  More  recently  the 
same  principle  has  been  applied  by  using  hot  water 
apparatus  fixed  in  the  roof  to  heat  the  air  instead 
of  stoves,  and  by  these  means  producing  a  rapid 
and  continuous  ventilation.  For  moderate  sized 
buildings,  where  a  fan  moved  by  steam-power 
would  be  unsuitable,  this  plan  of  ventilation  offers 
many  advantages,  and  has  been  used  in  several 
very  important  buildings. 

The  proper  dimensions  of  such  an  apparatus 
would  be  thus  calculated  : — Suppose  a  room  Xa  be 
ventilated  wliich  holds  500  jKfople.  Uy  Art.  346 
we  estimate  the  quantity  of  air  for  each  persnon  at 
ten  cubic  feet  per  mmule.  Five  thouaaud  feet  of 
airi>er  minute  must  thus  be  abatractcd  through  the 
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fentilators.     If  we  mse  the  temperature  of  this 

r  20°  in  the  heating  chamljer  in  tlie  roof  by  the 

bot  water  apparatus,  we  shall  tind  by  Table  IV., 

'trt.  106,  that  to  raise  1,000  cubic  feet  per  minute 

nrom  50"  to  70"  (the  assumed  temperature  ibr  the 

purpose  of  calculation    of  the   room    and    of  the 

lleiiting  chamber)  it  will  require  86  square  feet  of 

peatuig  surface.     Therefore  430  square  feet  of  hot 

Vater  piping  would  be  required  to  heat  the  5,000 

ubic  feet  of  air.     By  Table  XXVIII.,  Ait.  354, 

appears  that  a  velocity  of  235  feet  per  minute 

rill  lie  acquired  by  a  difference  of  20°  Fnlirenheit; 

terefore  an  opening  of  21  square  feet  will  be  re- 

Iquired  to  jirovide  for  the  escape  of  5,000  cubic  feet 

of  dir  per  minute  under   the  circumstances  here 

assumed. 

I.  (361.)  The    mechanical   method    of  ventilation 

^Klppears  to   possess    many    advantages.     It    is    of 

^Roarse  only  suitable  for  extensive  buildings,  on 

^■Ucount  of  the  cost  of  erection  and  maintenance  of 

I      the  apparatus  being  too  great  in  any  case,  except 

where  a  large  quantity  of  air  is  required  to  be 

withdrawn.     A  i-otary  Ian  was  used  as  long  ago  as 

the  year  1734,  by  Dr.  Desaguliers.  for  ventilating 

hoBpitals,  pi-isons,  and  other  buildings;*   though, 

the  plan  he  recommended  appears  to  have  been  but 

little  used  for  that  purjiose.     In  fact,  although  the 

principle  was  good,  it  faded  in  consequence  of  the 

trouble  attending  its  use.     About  the  year  1741, 

Dr.  Hales  introduced  his  method  of  ventilation  by 

bellows ;  and  it  was  applied  in  many  cases  with 

I great  success.     Several  of  the  prisons,  hospitals, 

ind  other  buildings  of  the  metropolis,  as  well  as 
learly  all  the  ships  in  the  navy,  were  successlully 
tentilated  by  this  apparatus,  which  was  extremely 
*  nple  in  its  construction  and  operalion.f     It  con- 

•  Thilosophical  Tra-ntacliniiii,  1735,  vol.  xxxix.,  p.  41. 
f  Dr.  Hales,  "  On  Ventilators."    London,  1718. 
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sisted  of  a  large  box  with  valves  opening  inwards, 
and  otlier  valves  opening  oiitwaran,  which  alter- 
nately admitted  and  discharged  the  air,  when  an  in- 
ternal diaphragm,  fixed  by  leather  hinges  to  the 
centre  of  the  box,  was  moved  up  and  down  by  a 
handle  passing  through  the  upper  part  of  the  box. 
One  defect,  however,  was  common  both  to  this  appa- 
ratus and  that  of  Dr.  Desagidiers;  they  were  both 
made  dependent  for  their  operation  on  manual 
labour,  and  therefore  their  use  was  limited  both  in 
duration  and  extent.  For,  however  efficacious 
the  operation  might  be,  the  trouble  attending  it, 
when  the  whole  effect  was  produced  by  manual  ex- 
ertion, rendered  it  inconvenient,  expensive,  and  un- 
certain. The  extensive  introduction  of  machinery 
throughout  every  dejiartment  of  inanufactures  has 
again,  after  a  lapse  of  many  years,  brought  into  use 
both  these  methods  of  ventilating  buildings.  The 
ventilating  fan  of  Dr.  DesaguUers,  with  some  im- 
provements suggested  by  modern  discoveries  and 
experiments,  is  now  extensively  used  in  the  manu- 
facturing districts  of  England :  the  fan  boijig  turned 
by  the  steam  power  employed  in  the  manufactories. 
The  bellows  of  Dr.  Hales,  slightly  altered  in  their 
form,  have  also  again  been  recently  brought  into  use. 
The  late  Mr.  Oldham,  the  engineer  to  tlie  Bank  of 
England,  ajiplied  this  principle  of  ventilation,  in 
the  year  1838,  to  a  part  of  that  establishment  with 
complete  success.  This  apparatus,  differs,  however, 
slightly  from  that  of  Dr.  Hales,  particularly  in 
being  litted  with  a  piston  instead  of  a  moveable 
diaphragm,  which  gives  it  more  of  the  cliaracter  of 
a  pumi>,  though  the  difference  in  its  construction 
is  very  inconsiderable.  In  this  case  also  the  motive 
power  is  steam,  the  powerful  machinery  constantly 
in  use  at  the  Iknk  being  employed  to  work  the 
the  pump  which  ventilates  the  building.  IJoth 
these  methods  of  ventilating,  when  thua  applied, 
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■are  unerring  in  their  operation,  and  appear  to 
BCCompUsh  all  that  is  necessary  or  desirable  on  this 
important  subject.  For  the  quantity  of  air  dis- 
charged can,  by  both  methods,  be  either  increased 
,or  diminished  at  pleasure,  by  the  mere  sliifting  of 
*.e  band  which  drives  the  pulley. 

(362.)  By  these  methods  of  ventilation,  the 
irefaction  or  diminished  pressure  of  the  air  can 
be  eftectually  prevented.  In  the  method  adopted 
at  the  Bank  of  England,  instead  of  the  vitiated  air 
being  tlrawn  from  the  building  by  tlie  apjiaratus, 
the  operation  consists  in  forcing  in  fresh  air,  which 
in  cold  weatlier  is  warmed  by  passing  through  a 
steam-cbamber  ;  and  the  vitiated  air  escapes  from 
le  room  in  consequence  of  its  greater  levity  j  the 
_uantity  which  escapes  being  equal  to  that  which 
IB  forced  in  by  the  pump.  By  this  means  no 
diminution  of  pressure  can  arise;  but,  from  what 
has  already  been  stated  (Art.  334),  it  may  be 
questioned  whether  the  small  diminution  of  pressure 
which  occurs  under  ordinary  circumstances  is  a 
matter  of  any  im|)ortance, 

(363.)  The  fans  that  were  used  by  Dr.  Desagn- 
liers  were  seven  feet  in  diameter,  and  one  foot  wide. 
They  revolved  in  a  concentric  case,  close  in  every 
part,  except  an  opening  at  the  centre,  which  com- 
municated by  a  pipe  with  the  room  to  be  ventilated, 
and  another  pipe  at  the  circumference,  by  which  the 
ibul  air  that  was  drawn  in  at  the  centre  was  thrown 
out  with  considerable  force  by  the  rotating  leaves 
of  thu  fan.  This  construction,  however,  has  been 
found  objectionable.  Considerable  loss  of  power 
accrues  from  employing  a  fan  moving  concentric 
with  the  case,  on  account  of  a  large  quantity  of  air 
being  carried  round  by  the  leaves  of  the  fan,  instead 
lof  passing  out  through  the  discharge-]  >ipc  at  the 
sciroumferencc.  The  most  advantageous  form  is 
twhen  the  case  is  eccentric  to  the  revolving  leaves 
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of  the  fan,  the  discharge-pipe  beinj^  placed  at  that 
part  of  the  circumference  of  the  case  where  the 
eccentricity  is  the  greatest;  tlie  air  being  admitted 
at  the  centre,  in  the  same  manner  as  Ijefore  stated. 
In  this  form  there  is  comparatively  little  loss  of 
power;  but,  owing  to  the  inertia  of  the  air,  some 
loss  must  always  occur  between  the  calculated 
and  the  actual  discharge,  the  difference  bein^ 
always  greater  in  proportion  to  the  greater  speed 
witii  which  the  fan  revolves, 

(364.)  The  mode  of  calculating  the  quantity  of 
air  discharged  by  any  mechanical  method,  as  also 
the  power  expended  in  discharging  it,  is  necessary 
to  be  known,  in  order  to  apportion  an  apparatua  of 
a  jJTOper  size  to  any  particular  building.  Both 
these  subjects  have  been  investigated  by  Dr.  Ure,* 
who  has  made  various  experiments  connected  with 
this  branch  of  intiuirj-.  The  mean  velocity  of  the 
portion  of  the  vanes  of  the  fan  by  which  the  air  is 
discharged  is  about  seven-eights  of  the  velocity  of 
the  extremities  of  the  leaves ;  but,  owing  to  the 
inertia  of  tlie  air,  there  will  !)e  a  further  loss  in  the 
velocity  of  the  issuing  current,  increasing  with  the 
greater  velocity  of  the  vanes ;  so  that,  under  ordinary 
circumstances,  the  current  will  he  discharged  with 
a  velocity  equal  to  about  three-fourtlis  of  the  velocity 
of  the  extremities  of  the  leaves.  This  velocity,  Jn 
feet  per  second,  multiplied  by  the  area  of  the 
discharge-pipe  in  square  feet,  will  give  the  number 
of  cubic  feet  of  air  discharged  per  second.  To 
estimate  the  force  necessary  to  cause  the  rotation 
of  the  fan,  the  following  method  of  ealenkdon, 
founded  on  the  orduiary  mode  of  estimating  steam* 

•  riulo»f.phic.alTraiaacli^>nt.imQ.  Bce&Jao  P*-cl8t.  "Traitu 
de  1ft  Chaleiir,"  Brd  editioa,  p.  lUO,  «  »*«/„  for  soma  asefol 
oaloulatious  ou  the  relntive  cost  of  various  metlioilB  of  ilia- 
obftrgiug  air  for  venlilHtitig  purposes.  Also  ^yman  "Oa 
Ventilation,"  p.  189. 
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power,  will  be  found  sufficiently  accurate.     Suppose  I 
the  effective  velocity  of  the  vanes  of  the  fan  to  be 
70  feet  per  second,  and  the  sectional  area  of  the 
eduction  tube  to  l>e  3  square  feet,  then  70x3=  210  j 
cubic  feet,  will  be  the  quantity  of  uir  discharged.  I 
per  second;  and  this  number,  multiplied  by  fiO,  will  J 
give  the  quantity  per  minute.     As  a  cubic  foot  of  ] 
air  weighs  527  grains,  there  will  Ije  about  13  cubic  I 
feet  of  air  to  a  pound  ;  therefore  *'"i^™  =^  9(59  lbs.  is 
the  weight  of  air  put  in  motion  |)er  minute  with  ' 
a  velocity  of  70  feet  per  second.     The  height  from 
which  a  graWtating  body  must  tall  in  order  to  acquire 
a  velocity  of  70  feet  per  second  is  '-^  =^  7C"5  feet, 
which,  multiplied  by  the  numljcr  of  pounds  weight 
moved  per  minute,  will  give  the  power  necessary  I 
to  be  expended  in  order  to  discharge  this  quantity  ' 
of  air   at  the  stated    velocity;    and    this   product 
divided  by  33,000  (the  number  of  pounds  weight 
that  one  horse  will  raise  one  foot  high  per  minute) 
will  give  the  amount   of  steam-power  required. 
Therefore  -sa.«iu    =  2'24,  or  nearly  2J  horses'  power, 
will  be  necessary  to  discharge  the  given  quantity 
of  air  at  the  velocity  stated. 

The  quantity  of  air  discharged   by  bellows  la 
easily  calculated.     The  cubic  contents  of  the  Ik)x 
(or  that  portion  of  it  which  is  filled  and  emptied  , 
at  each  alternation  of  the  handle),  multiplied  by 
the  number  of  strokes  per  minute,  will,  of  course,  | 

five  the  quantity  of  air  discharged;  making  such  , 
eduction  from  this  amount  as  may  lie  necessary  | 
for  imperfect  fitting  of  the  diaphragm.     The  ven-  ' 
tilating  pump  differs  from  the  bellows  simply  in 
making  the  whole  rliaphragm  move  uj)  and  down, 
instead  of  one  end   lieing  fixed.      The  force  re- 
quisite for  discharging  the  same   quantity  of  air 
by  either  of  these  methods  is  the  same  as  with  a  , 
fan.     For,  suppose  a  ventilating  pump  three  feet  J 
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square,  and  tive  feet  high,  and  that  the  pistoD 
makes  25  double  strokes  per  minute,  each  four 
and  a  half  feet  long;  in  this  case  2,025  cubic  feet 
of  air  per  minute  will  be  discharged;  and  if  the 
valve  for  its  discharge  be  10  inches  wjuare,  tiie 
velocity  of  its  discharge  will  be  equal  to  48*6  feet 
per  second.  This  quantity  of  air  reduced  into 
weight  will  be  m  =  155  lbs.,  put  into  motion 
every  minute  at  the  rate  of  48*6  feet  per  second; 
and  therefore  we  shall  have  ^^  =  36-9  feet,  as  the 
height  from  which  a  gravitating  body  must  fell  to 
obtain  the  velocity  of  48'6  feet  per  second;  and 
^^,^  ^  '17,  or  one-sixth  of  a  horse's  power,  aa  the 
necessary  force  to  discharge  this  quantity  of  air  at 
the  stated  velocity. 

(365.)  The  Archimedean  screw  lias  repeatedly 
been  proposed  for  the  ventilation  of  buildings,  and 
its  application  to  this  purpose  has  been  more  thnn 
once  the  subject  of  a  patent.  In  comparison  with 
a  fan,  it  appears  to  be  every  way  inferior;  for 
neither  in  quantity  nor  in  velocity  can  it  at  all 
approach  the  performance  of  the  fan  in  discharging 
air  from  buildings.  By  the  fan  almost  any  velocity 
of  the  discharged  current  may  be  obtained ;  but  not 
BO  by  the  Archimedean  screw.  The  friction  between 
the  air  and  the  threads  or  spirals  of  the  revolving 
screw  must  lie  the  ])Ower  which  produces  the 
diecliarge;  but  so  soon  as  the  pressure  or  conden- 
sation of  the  air  between  the  spirals  equala  the 
friction  existing  between  the  air  and  tlie  surface 
of  the  spirals,  any  further  increase  in  the  amount 
of  the  discharge  ceases ;  and  the  screw  might  revolve 
with  any  increased  velocity  without  increasing  the 
quantity  of  air  discharged,  and  a  loss  of  power  in 
turning  the  screw  would  then  necessarily  occur. 
The  plan,  however,  has  been  used  with  some  success 
in   large  manufisictories  in   Leeds  and  elaewhere, 
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Iiere  an  abundance  of  steam  power  is  always 
leration. 


(366*,)  In  the  year  1873,  a  patent  was  obtained 
by  Mr.  Tobin,  of  Leeds,  for  a  mode  of  ventilation 
which  excited  much  attention,  and  a  Joint  Stock 

impany  was  formed  to  carry  out  the  invention  on 
extensive  scale.  The  plan  was  to  introduce  cold 
ih  air  through  tubes,  tunnels,  or  drains,  under 
the  floors  of  rooms,  and  thence  by  means  of  upright 
or  vertical  pipes,  placed  at  the  corners  of  the  room, 
or  elsewhere,  to  give  the  air  an  upward  direction, 
through  open  pipes,  of  from  four  to  six  feet  in 
height.  It  was  assumed  that  this  method  would 
produce  ventilation  without  draught,  but  this 
assumption  was  a  perfect  fallacy.  It  was,  more- 
over, discovered  that  this  same  invention  had  been 
extensively  tried  more  than  90  years  previously, 
and  a  full  description  of  it  published  in  1 794,  taken 
from  the  papers  of  Mr.  John  Whitehurat.  F.R.S., 
who  died  in  1788,  and  several  years  before  his 
death  had  applied  the  plan  in  question  to  various 
buildings.  The  j>atent  of  Mr.  Tobin  is  described 
almost  in  the  identical  words  of  Mr.  Whitehurat; 
and  both  the  legal  validity  of  the  patent  and  the 
plan  itsell'  appear  to  be  ecjunlSy  worthless.  In  cold 
windy  weather  the  draughts  become  intolerable; 
and  in  warm  and  still  weather,  when  ventilation 
is  most  needed,  no  effect  whatever  is  produced. 
The  principle,  as  applied  by  Mr.  Tobin,  is  founded 
on  a  fallacy,  which,  however  excusable  in  1780, 
when  first  used  by  Mr.  Whiteburst,  is  utterly 
unauited  either  to  the  requirements  or  to  the  know- 
ledge of  the  [tresent  day.  The  fallacy  of  the  plan 
consists  in  supposing  that  perfectly  cold  external 
air  can  be  introduced  into  rooms  in  this  way 
without  causing  cold  currents:  but  when  the  air 
is  heatetl  before  admission  into  the  room  to  be 
ventilated,  this  mode  of  introducing  fresh  air 
lesses  advantages  in  many  cases. 
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(367*)  More  than  twenty  years  before  Mr,  Tolmi 
revived  this  invention  of  Mr.  Whitehurst,  a  much 
more  judicious  plan  for  l)ringing  in  wanned  air 
through  iiprlght  ducts  or  channels  above  the  heads 
of  the  occupants  of  a  room,  had  been  successfally 
employed.  In  one  of  the  courts  of  the  Old  Bailey 
Sessions  House  in  London,  the  ventilation  was 
obtained  by  setting  the  panellino;  of  the  court  about 
aix  inches  off  from  the  wall,  for  about  seven  or 
eight  feet  in  height,  Througii  this  large  channel, 
extending  almost  round  the  court,  a  large  volume 
of  lur  was  forced  into  the  court,  and  having  au 
upward  motion  given  to  it,  by  the  jrasition  of  the 
channel,  no  inconvenient  draught  was  experienced. 

(368*.)  This  plan  of  ventilating,  though  pos- 
sessing much  to  recommend  it,  is  not  absolutely 
perfect.  It  requires,  in  addition,  that  a  further 
supply  of  air  be  brought  in  at  a  lower  level. 
When  this  is  not  done  the  air  nearer  the  floor  is 
not  in  so  fresh  a  state  as  it  ought  to  Ix: ;  and  it 
requires,  therefore,  for  perfect  ventilation,  that  a 
portion  of  air  should  enter  near  the  floor  as  well  as 
at  the  higher  level  already  deacrilied. 

By  heating  the  air  before  it  enters  the  room  to 
be  ventilated,  the  motive  power  of  the  wind  is 
almost  entirely  lost.  Some  other  motive  |>ower  is 
therefore  necessary  when  any  considerable  rpiantity 
of  air  is  required.  In  the  Old  Bailey  Court  House, 
the  air  is  set  in  motion  by  a  large  fan.  And  either 
by  mechanical  means,  or  by  exhaustion  by  heat 
by  some  of  the  methods  previously  described,  a 
sufficient  motive  power  must  be  applied  to  produce 
a  current  varying  from  sixty  to  one  hundred  fijet 
per  minute.  A  greater  velocity  than  this  produces 
a  very  sensible  and  unpleasant  draught, 

(360».)  Very  extensive  use  has  at  varioun  times 
been  made  of  ventilating  cowls,  similar  in  nrindple 
to  those  used  for  increasing  tJie  draft  of  sniOKey 
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These  cowls  are  extremely  useful  in 
flaany  cases,  but  they  are  Umited  in  their  etfecta; 
and  they  depend  altogether  on  the  action  of  the 
wind,  their  effects  being  scarcely  appreciable  in 
still  and  warm  weather  when  ventilation  is  most 
qalred. 

(370*. )  Cowls  of  almost  every  imaginable  variety 
\0  form  have  been  invented.  They  all  owe  their 
Ecacy  to  one  general  law  Ijelonging  to  all  aeriform 
nids, — that  a  current  moving  in  any  direction  at 
ihigh  velocity,  rendily  imparts  its  own  velocity  to 
another  current  moving  at  a  lower  velocity  in  the 
same  or  nearly  the  same  direction.  This  peculiar 
property  of  fluids,  both  liquid  and  aeriform,  to 
communicate  motion  to  other  similar  bodies,  not  in 
immediate  contact  with  them,  may  be  illustrated  as 
follows: — Suppose  a  i)ipe  several  feet  in  length, 
and  of  considerable  diameter — say  for  examjile 
twelve  or  fourteen  inches — and  open  at  both  ends. 
Let  there  be  also  a  small  pipe,  of  about  one  inch 
diameter,  inserted  into  one  end  of  the  large  pipe 
for  a  short  distance,  and  let  there  be  a  current  of 
air  or  steam  forced  through  the  small  pipe  with 
siderable  velocity.  The  action  of  this  current 
f  air  or  steam  will  he  such,  that  it  will  continue 
I  course  after  leaving  the  small  pipe  for  a  very 
nsiderable  distance  along  the  large  pipe,  at  its 
'  pnal  velocity,  and  with  scarcely  any  lateral  ex- 
nsiou  ;  and  it  will  communicate  its  own  velocity 
to  a  very  great  trody  of  air  in  the  large  pipe,  which 
will  tiuis  have  a  current  produced  in  it  of  consider- 
able intensity.  The  distance  to  which  the  current 
ising  along  the  small  pipe  will  proceed  without 
'ng  its  velocity  and  mixing  with  the  aeriform 
1  contained  in  the  large  pipe,  will  depend  upon 
I  initial  velocity  which  is  given  to  it  ;  but  this 
i  is  considerable,  and  the  quantity  of  air  is 
T  great  which  may  be  put  in  motion  in  tlie  large 
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pipe,  by  an  extremely  small  jet  of  air  in  the  small 
pipe.  The  currents  and  eddies  of  many  rivers  and 
lakeB  have  their  origin  in  this  cause.  Tbe  draught 
caused  in  the  chimneys  of  locomotive  engines  by  a 
jet  of  steam,  the  action  of  all  chimney  cowls,  and 
other  of  the  phenomena  which  occasionally  present 
themselves  in  practical  science,  are  due  to  this  fact. 
In  the  case  of  chimney  cowls  the  eflect  is  very  re- 
markable. Whatever  efficacy  any  chimney  cow! 
really  possesses  arises  from  this  cause  ;  though 
very  few  of  the  contrivers  of  these  machines  are 
aware  of  the  fact.  Some  interesting  experimenta 
on  the  action  of  cowls,  by  Mr.  Ewbank,  are  in- 
structive on  this  point.*  The  figures  64  to  62  a» 
some  of  the  forms  on  which  he  experimented.  His 
models  were  made  of  glass,  and  a  strong  blast  of 
air  was  made  to  blow  equally  on  them  all.  Thft 
lower  ends  of  tbe  models  were  all  ma<le  to  dip  into 
a  trough  of  water,  and  the  height  to  which  thft 
water  rose  in  the  stem  of  the  model,  showed  thft 
relative  effect  produced  by  each  ditfcrent  fornt 
The  annexed  cuts  show  the  models  in  the  pro- 
gressive order  of  their  efficiency,  namely — 


•«s«rf]^T-rir 
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•  Sgo   F.Khank'i    Hydraulics,  New  York,  1861;     fVi 
Journal   of  Pmnf;/fvania  ;    Mechanie'»   Magaxinr,  Tol.  Uzf3.| 
p.  S72  ;  and  H'yman  on  Vtnlilation,  BoHtoD,  IS46. 
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In  the  case  of  fig.  54,  the  blflst  was  made  to  act 
in  direct  line  with  the  outlet ;  but  Avben  the  blast 
acted  at  an  angle  of  45  degrees  with  this  direction, 
the  water  rose  3^  inches  ;  and  when  it  acted  at  an 
angle  of  90  degrees,  the  water  rose  only  2^  inches. 
The  other  forms,  acted  on  by  the  same  blast,  caused 
the  water  to  rise  to  the  heights  stated  against  each. 
This  height  of  water  may  faii-ly  be  assumed  as  the 
relative  exhausting  power  of  these  diiferent  forms 
of  cowls,  when  acted  upon  by  a  strong  blast.  It 
is,  however,  considered  that  in  such  forms  as  those 
of  No.  58  and  62,  the  effect  is  best  secured  by 
bringing  the  small  blow-pipe  tube  beyond  the 
vertical  junction  of  the  main  tube,  as  otherwise  it 
is  liable  to  blow  downwards. 

(371*.)  There  are  many  other  forms  of  venti- 
lating and  smoke  cowls  which  possess  considerable 
advantages,  some  being  more  suited  for  smoke  and 
some  being  only  fit  for  ventilation,  by  reason  of  the 
difficulty  of  freeing  them  from  deposits  of  soot. 
Except  for  this  latter  olajection,  whatever  form  is 
best  for  one  purpose  would  be  equally  advantageous 
for  the  other.  Hawkesley's  Patent  Cowl,  fig.  (iS, 
is  an  extremely  useful  apparatus,  and  so  also  is  tlie 
Funnel,  or  Cowl,  fig.  64,  known  as  the  Himalaya 
funnel.  Both  these  owe  their  effective  action  to 
the  well  known  principle  that  the  wind  is  deflected 
at  the  same  angle  at  which  it  strikes  any  object. 
In  both  these  last  sho^vn  figures,  this  deflection  is 
produced,  upicards,  by  tlie  wind  striking  against 
surfaces  fixed  at  angles  of  about  45°  from  a  hori- 
zontal  line.     In  figure  63  the  striking  sm-faces  are 
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Blightly  curved,  which  is  supposed  to  give  a  still 
further  advantage  to  the  upwaM  current. 

Another  patented  invention  for  this  pur[K>8e 
Carson's  Ventilator,*  which  has  been  estensivelj 
used.  It  is  precisely  similar  in  principle  to  thi 
"  Blow  Pipe  Ventilators,"  shown  figures  58  and  62 
It  is  almost  one  of  the  best  forms  of  those  veoti' 
lators  which  turn  round  on  a  centre  with  the  wind 
In  all  forms  of  revolving  cowls  increased  steadinea 
and  certainty  of  action  is  produced  by  making  tba 
acting  portion  of  the  vane  doable,  and  so  placet 
that  the  heavy  end  of  the  vane  or  director  t' 
form  a  figure  like  the  capital  letter  Y,  the  diver 
gence  between  the  two  members  beuig  about  30°. 

In  a  somewhat  recently  patented  invention  by 
Boyle  &  Sou,  of  Glasgow,  a  ventilator  is  employed 
which  is  divided  vertically  into  four  parts.  Tba 
action  arises  from  the  wind  striking  on  a  numbev 
of  inclined  surfaces  fixed  vertically  and  forming 
external  circumference  of  many  narrow  inclined 
surfaces  surrounding  the  central  tube  which  carrii 
off  the  air  from  the  room  to  be  ventilated.  Theat 
inclined  surfaces  stand  oti"  from  the  main  ventilating 
tuije  some  two  or  three  or  more  inches.  Tha 
effective  action  in  this  ventilator  is  due  to  tbi 
wind  being  driven  agamst  the  inclined  surfaces  of 
one  of  the  sides  of  the  ventilator ;  and  as  th< 
pressure  of  the  wind  will  then  be  a  plenum  on  thii 
side,  while  one  of  the  other  sides  will  be  a  vacuum^ 
the  foul  air  of  a  room  will  he  withdrawn  through: 
the  inner  tube  with  a  corresponding  velocity  t* 
that  of  the  external  current.  The  action  of  Uiii 
ventilator  is  precisely  the  same  as  that  of  the 
Himalaya  funnel,  or  of  Carson's,  Hawkesley's,  and 
other  ventilators  already  described.  Tliey  are  all 
subject  to  the  same  laws,  and  are  all  dependent  ou 
the  action  of  the  wind  to  produce  any  eflect  what- 
•  Soe  /.■<yemrytf/JW<,  vol.  IV.  (1811),  p.  71. 
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ever.  In  still  weather  no  effect  is  produced  by 
any  of  these  ventilators  beyond  what  would  result 
from  merely  cutting  a  hole  through  the  roof  or 
ceilinfT  nf  equal  size. 

(372.*)  Sueh  modes  of  ventilating  as  have  been 
here  described  may  be  useful  where  only  compara- 
tively small  quantities  of  air  are  required  to  be 
changed.  They  are  all  of  them  utterly  inefficient  ( 
in  culm  and  warm  weather.  Where  very  large 
numbers  of  persons  are  congregated  together,  and 
consetiuently  a  large  supply  of  fresh  air  becomes 
absolutely  indispensable,  no  plan  of  spontaneous 
ventilation  is  sufficient.  The  several  ])lans  de- 
scribed in  the  early  part  of  this  chapter  are  alone 
to  be  relied  on  for  this  purpose.  They  may  be 
clasiBed  imder  three  heads.  Either  by  mechanically 
forcing  in,  or  sucking  out,  air  by  means  of  fans,  f 
bellows,  or  pumps ;  or  by  heating  the  air  in  a  false 
roof  or  chamber  above  the  room  to  be  ventilated  ; 
or  by  drawing  the  foul  air  either  upwards  or 
downwards  through  a  large  furnace,  in  the  manner 
used  by  Dr.  Keid  in  the  Houses  of  Parliament. 
Whicli  of  these  plans  may  be  most  suitable  must 
depend  upon  the  character  and  size  of  the  building 
in  which  it  is  to  be  applied. 

(366.)  Considering  the  great  importance  of  ven- 
tilation, it  is  nntch  to  be  regretted  that  so  little 
attention  has  generally  been  devoted  to  the  sub- 
"lect  by  scientitic  men.  The  treatises  which  have 
sn  written  upon  it  are  extremely  few,  and  those 
;crally  but  too  indefinite  and  inconclusive.  In 
year  1835,  a  Committee  of  the  House  of 
.mons  was  appointed  to  report  upon  the  beat 
of  ventilating  the  Houses  of  Parliament;  but 
various  acieatitic  men  who  were  then  ex- 
lined  were  unable  to  point  out  any  public 
lilding  of  which  the  ventilation  was  at  all  1 
of  the  consideration  of  the  committee,  '^ 
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as  a.  model  for  adoption.     In  fact,  it  is  not  merely 
S  the  method,  but  the  amount  of  ventilation  which 
1  is  desirable,    that   appears  to  have  been  hitherto 
unascertained.     When    Sir    Humphry  Davy  ven. 
tilated   the  House  of  Lords,  in   1811,  he  used  a 
/  pipe  only  one  foot  diameter  to  convey  away  the 
\  foul  air.     In  1813,   this    was    increased    to  three 
(  feet  diameter;    an    alteration  which  allowed  niai 
]  times  the  quantity  of  air  to  escape;  but  even  this 
I  was  found  quite  insufficient  for  the  purpose.     And 
I J  the  various  experiments  of  Watt,  Kumford,  Davy, 
( Chabannes,    and    others,    in    ventilating    varioua 
public  buildings,  prove  that  their  methods   were 
inadequate  for  the  purpose,  notwithstanding  thdr 
plans  might  be  considered  as  improvements  upon 
preceding  arrangements.     The  subject  of  ventilo* 
tion  has  now,  ho\vever,  attracted  more  of  pubUc 
attention;    and  we  may  therefore  hope  that  thia 
important  means  of  improving  the  public  health 
will    henceforth    be    more   fully  considered ;    and 
that  the   time    may  come    when    architects    will 
consider  it  as  great  a  defect  to  neglect  providing 
the  means  for  the  admission  and  discharge  of  the 
air  required  for  ventilation,  as  they  would  to  omit 
'   the  doors  and  windows  of  the  buildings,  they  are 
called  upon  to  design  and  erect.     The  vast  import- 
ance of  ventilation  was  most  forcibly  demonstrated 
by  the  evidence  taken  before  the  Committee  of  the 
j  House  of  Commons,  on  the    Health  of  Towns,  in 
the  year  1840.      Scrolulous  diseases  are  stated  by 
the  medical  witnesses  to  be  the  result  of  bad  venti- 
lation ;  and  that  in  the  case  of  silk  weavers,  who 
pass  their  lives  in  a  more  close  and  confined  Mr  tlian 
almost  any  other  class  of  persons,  their  childpca 
are  peculiarly  subject  to  scrofula  and  softening  of 
the  bones.*     Most  of  the  witnesses  state  that  u 
deterioration  of  the  race  undoabtedly  occurs  among 
"  Report  OB  the  Health  of  Towns."  pp.  18  and  201, 
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those  classes  most  exposed  to  defective  ventilation ; 
and  they  consider  that  bad  air  deadens  both  the 
mental  and  bodily  energies.*  The  statement  of 
some  of  the  diseases  produced  by  bad  air  is  abso- 
lutely sickening  ;  and  presents  the  consequences  of 
violating  the  physical  laws,  in  a  point  of  view, 
which  will  scarcely  find  a  parallel.f  These  are 
undoubtedly  extreme  cases  ;  but  although  the 
ordinary  effects  of  defective  ventilation  are  less 
marked,  it  is  certain  that  no  violation  of  the  physi- 
cal and  organic  laws,  however  slight,  can  possibly 
be  allowed,  without  the  consequences  becoming 
apparent  in  the  deteriorated  health  of  those  who 
violate  them  ;  and  it  will  be  well  when  this  fact  is 
as  universally  acted  upon,  as  it  is  generally  assented 
to. 

•  Ibid.,  pp.  64  and  201. 

t  Ibid,,  Mr.  Walker's  Eyidence,  p.  211,  et  seq. 
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OS   THE    THEORY    OF    GASEOUS    EFFLUX.' 

(367.)  In  the  preceding  chapter  the  theoretical 
determination  of  the  flowing  of  air  and  other  gases 
through  apertures  has  been  given,  and  its  utility 
in  calculating  the  proper  size  of  ventilators  pointed 
out :  it  will  here  be  desirable  to  show  the  grounds 
for  believing  that  this  theory  truly  represents  the 
case,  with  the  accuracy  required  for  determining  a 
physical  law, 

(368.)  The  theoretical  determination  of  the 
velocity  with  which  gaseous  fluids  are  discharged 
through  tubes  and  apertures  under  pressure,  nas 
often  been  submitted  to  mathematical  investiga- 
tion ;  and  the  subject  being  of  importance  in 
various  branches  of  practical  science,  it  is  to  be 
regretted  that  considerable  difi'erences  e.^ist  in  the 
results  of  the  several  formulte  which  have  been 
propounded  for  its  elucidation.  Dr.  Papin,f  in 
1686,  firet  showed  that  the  efflux  of  all  fluids 
follows  a  general  law  ;  and  that  the  velocities  are 

•  This  chapter  contains  the  paper  by  the  author,  which  wu 
read  before  the  Institution  of  Civil  Engineers,  May,  1840, 
"  On  the  Efflm  of  Gaaeona  Fluids  under  Presaure."  Binoe 
it  was  written,  anemometers  for  registering  the  velocity  ot 
ffiiial  currents  have  been  greatly  improved,  and  as  now  oon> 
Btraoted  they  afford  an  easy  mode  of  measuring  the  relocitjr 
of  aeriform  fluids  with  very  considerable  accaracy. 

-f-  PkiloKiphieal  Traniartiona,  1686. 
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tersely  as  the  square  roots  of  the  specific  gra- 
vities. Dr.  Gregory  has  likewise  given  various 
formulae  for  calculating  the  velocities  of  air  in 
motion  under  different  circumstances  ;  and  Mr. 
Davies  Gilbert,  Mr.  Sylvester,  Mr.  Tredgold,  and 
many  other  writers  of  equal  authority,  have  also 
investigated  the  subject. 

( 369. )  The  hydrodynamic  law  of  spouting  fluids 
has  by  all  writers  been  applied  in  the  calculations 
for  the  determination  of  this  question.  This  law, 
it  is  well  known,  is  the  same  as  that  of  the  acce- 
lerating velocity  of  falling  bodies ;  and  is  propor- 
tional to  the  square  root  of  the  height  of  the 
superincumbent  column  of  homogeneous  fluid, 
But,  although  the  various  writers  all  agree  in  this 
fimdamentaT  principle,  they  differ  materially  in  the 
mode  of  applying  it,  and  in  the  several  corrections 
introduced  in  their  theorems ;  and  the  results 
they  have  arrived  at  are  of  a  very  contradictory 
character. 

(370.)  Dr.  Gregory's  formuiie  for  calculating  the 
velocity  with  which  air  of  the  natural  density  will 
rush  into  a  place  containing  rarer  air,  is  baaed  upon 
the  velocity  with  which  air  flows  into  a  vacuum. 
This  is  equal  to  the  velocity  a  heavy  body  would 
acquire  by  falling  freely  froni  a  height  equal  to 
that  which  a  homogeneous  atmosphere  would  have 
whose  weight  is  equal  to  thirty  inches  of  mercury. 
The  height  of  this  homogeneous  atmosphere  is 
27,818  feet:  and  the  velocity  which  a  body  would 
acquire  by  falling  from  this  height  (and  consequently 
the  velocity  with  which  air  will  flow  into  a  vacuum) 
is  V  (27,818  X  64-36)  =  1,339  feet  per  second. 
The  density  of  the  rarefied  air  divided  by  the 
density  of  the  natural  atmosphere,  and  this  number 
subtracted  from  unity,  represents  the  force  which 
produces   motion  ;    and   the   square  root    of  this 

nber  multiplied  by  1,339  feet  <  the  velocity  with 
c  c  2 
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which  air  rushes  into  a  vacuum)  m  the  velocity 
with  which  the  atmosphere  will  rush  into  any 
place  containing  rarer  air.* 

(371.)  The  method  employed  by  Mr.  Daviea 
Gilbert  is  also  based  upon  the  velocity  with  which 
air  rushes  into  a  vacuum,  when  pressed  by  a  homo* 
geneous  atmosphere,  equal  to  the  weight  of  the 
natural  atmospliere  at  the  earth's  aurface.  This 
supposed  homogeneous  atmosphere  is,  according  to 
Mr.  Davies  Gilbert's  calculation,  26,058  feet:  and 
the  velocity  with  which  air  would  rush  into  a 
vacuum  when  pressed  by  this  weight,  will  be 
/  (26,058)  x8=-  1295  feet  per  second.  When  this 
calculation  is  applied  to  two  columns  of  air  of  un- 
equal density — as  for  instance,  the  discharge  of 
air  through  a  chimney -fihaft— the  height  of  the 
heated  column  of  air  divided  by  the  height  of  this 
homogeneous  atmosphere,  and  the  square  root  of 
this  number  multiplied  by  the  velocity  with  which 
air  flows  into  a  vacuum,  and  this  product  again 
multiplied  by  the  square  root  of  the  number  repre* 
Benting  tlie  expansion  of  the  heated  air,  will  give 
the  velocity  in  feet  per  second.  The  expansion  of 
air  when  heated  is  found  (by  Mr.  Gilbert's  method) 
by  raising  the  decimal  1-0020K3  (which  represents 
a  volume  of  air  expanded  by  one  degree  of 
Fahrenheit)  to  the  power  whose  index  is  the 
number  of  degrees  which  the  temperature  of  the 
air  is  raised;  or  it  is  equal  to  the  fraction  ^  ' 
n  being  the  number  of  degrees  of  Fahrenheit  which 
the  temperature  of  the  ascending  column  esceeda 
that  of  the  external  atmosphere.f 

(372.)  Mr.  Sj-lvester's  method  of  calculation  pro- 
ceeds upon  the  supposition  that  the  respective 
columns  of  light  and  heavy  air  represent  two  tm- 

•  Gregory's  "Meoli&nics,"  vol.  i.,  p.  SIS. 
J  Quarttrli)  Journal  of  Seietue,  vol.  XJU.,  p.  118. 
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gual  weights  suspended  by  a  cord,  hanging  over 
i  puUey  ;  and  this  mode  of  calculation  gives  a 
result  very  much  less  than  by  any  other  method. 

The  unequal  weight  of  two  columns  of  air  is 
found  by  Mr.  Sylvester  nearly  in  the  same  manner 
as  by  Mr.  Gilbert.     The  volume  of  air  expanded 
by  one  degree  of  heat  is  equal  to  1*0LI208 ;  and  this 
number,  when  raised  to  the  power  wliose  index  is 
the  excess  of  temperature  of  the  heated  column, 
gives  the  expanded  volume  of  the  air;  and  assum- 
ing the  atmospheric  density  to  the  unity,  we  have 
1  -  (i  ooaue)'  =^  d;  e  being  the  excess  of  temperature 
of  the  heated  column,  and  d  the  difference  of  density 
^^etween  the  two  columns.    This  difference  of  density 
^^Btlltiplied  by  eight  times  the  square  root  of  the 
^B^gbt  of  the  tube  or  shaft  containing  the  heated 
^Br,  gives  the  velocity  in  feet  per  second,* 

(373.)  In  Mr.  Tredgold's  theorem  for  calculating 
the  efflux  of  air,  the  iorce  which  produces  motion 
is  assamed  to  l>e  the  difference  in  weight  of  a 
column  of  external  and  one  of  internal  air,  when 
the  bases  and  heights  are  the  same.  The  difference 
of  temperature  of  the  two  columns  by  Fahrenheit's 
scale,  divided  by  the  constant  number  450  plus  the 
temperature  of  the  heated  column,  and  this  quotient, 
multiplied  by  the  height  of  the  tube  or  shaft,  gives 
the  difference  in  weight.  Then  by  the  common 
theorem  for  falling  bodies,  eight  times  the  square 
root  of  this  number  will  give  the  velocity  in  feet  per 
second;  or,  accurately,  V  ^  V  "i^Ti"' ;  /'  being  the 
height  of  the  tube,  t  the  temperature  of  the  internal, 
and  X  the  temperature  of  the  external  aLr.+ 

(374.)  The  method  of  calculation  proposed  by 
Montgolfler  appears,  however,  by  recent  e.\  periments 
■  )  be  the  most  accurate,  as  it  is  also  the  most  simple 

[nnaU  of  Philo^ophi/,  vol.  xix.,  p.  408. 
t  Tredgold,  "On  Warming  Buildings,"  p.  76. 
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of  all  the  modea  of  determining  this  queetion.  The 
dift'erence  in  height  must  be  ascertained  which  two 
colunins  of  air  would  assume  when  the  one  is  heated 
to  the  given  temperature,  the  other  being  the  tem- 
perature of  the  external  air;  and  the  rate  of  efflux 
is  equal  to  tlie  velocity  that  a  heavy  body  would 
acquire  by  falling  freely  through  this  difference 
of  height. 

The  space  which  a  gravitating  body  will  pass 
through  in  one  second,  we  know  to  be  1609  feet; 
but,  by  the  principle  of  accelerating  forces,  the 
velocity  of  a  falling  body  at  the  end  of  any  given 
time  is  equal  to  twice  tlae  space  through  whidi  it 
has  passed  in  that  time;  or  the  velocity  is  equal  to 
the  square  root  of  the  height  of  the  fall,  multiplied 
by  the  square  root  of  6436  feet;  or,  again,  to  the 
square  root  of  the  number  obtained  by  multiplying 
64'3e  feet  by  the  height  of  the  fall  in  feet. 

When  the  vis  viva  is  the  difference  in  weight  be- 
tween two  columns  of  air,  caused  by  the  expansion 
of  one  of  these  columns  by  heat,  the  decimal  'OU208, 
which  represents  the  expansion  of  air  by  1"  of 
Fahrenheit,  must  he  multiplied  by  the  number 
of  degrees  the  temperature  is  raised,  and  this 
product  again  by  the  height  of  the  heate*!  column. 
Thus,  if  the  height  of  the  column  is  50  feet,  and 
the  increase  of  temperature  20",  we  shall  have 
20  X  -00208  X  50  =-  2-08  feet;  or  52-08  feet  of  fact 
air  will  balance  50  feet  of  the  cold  air,  and  the 
velocity  of  efflux  of  the  heated  column  when  pressed 
by  the  greater  weight  of  the  colder  column  will  be 
equal  toV(2-08  x  64)  =  11-55  feet  per  second.* 

*  This  mode  of  oalcnlation  suiipo^eB  an  equal  cxpauiion  of 
ail  by  equal  increments  of  temperalure,  wiiicb  is  gweroUy 
OBsamed  to  be  true  at  all  inuderate  difforencea  of  temp^ratare. 
There  can,  however,  be  bill,  little  doubt  tliat  nir  expawds  more, 
proportit)Dalcl,v,  at  liigli  teiujieratares  than  at  low  onus,  for 
pqaal  increments  of  lient ;  but,  as  all  other  bodies  uxpaud  eT«i 
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The  efflux  of  air  under  any  given  pressure  can 
_  be  calculated  by  tlie  same  means.  For  the 
pressure  being  known,  it  is  only  necessary  to  cal- 
culate the  height  of  a  column  of  air  whicli  would 
be  eijual  in  weight  to  this  pressure.  Thus,  if  the 
pressure  be  equal  to  one  inch  of  mercury,  water  is 
827  times  the  weight  of  air,  and  mercury  13'6 
times  the  weight  of  water;  therefore,  827  x  13-5 

11164  inches,  or  930'3  feet;  and  according  to 
preceding  fonnula  '^  (930*3  x  64)  -  244  feet 
second  for  the  velocity  of  efflux  under  this 
pressure  of  one  inch  of  mercury. 

(375.)  In  all  these  cases  the  velocity  thus  ascer- 
tained is  indepeudent  of  any  loss  by  friction ;  a 
certain  deduction  must  be  made  for  this  loss,  which 
will  vary  greatly,  according  to  the  nature  and  size 
of  the  tube  or  shaft  through  which  the  air  passes, 
as  well  as  with  the  velocity  of  the  air.  Like  all 
other  fluids,  the  retardation  of  the  air  by  friction, 
in  passing  through  straight  tubes  of  any  kind  will 
be  directly  as  the  length  of  the  tube  and  the  square 
of  the  velocity,  and  inversely  as  the  diameter. 
This  question,  however,  becomes  very  compli- 
cated under  these  circumstances,  and  particularly 
so  when  there  are  angular  turns  in  the  tube  through 
which  the  air  passes.     The  present  state  of  our 

lOwledge  on  this  subject  does  not  allow  of  any 
accurate  determination  of  the  amount  which 

vre  irregularly  than  air,  we  possess  no  means  of  measnring 
'b  deviation  from  regular  expansion.  Mr.  Davies  Gilbert's 
1  Ur.  Sylvester's  mode  of  calculating  the  expansion  of  air 

e&dy  given,  supposes  a  very  considerable  inorease  in  the 

nte  of  expansion,  and  the  following  formula  is  nsed  by  Dr. 
Gregory :  The  expansion  of  air  for  180°  is  -376 ;  therefore,  any 
other  temperature  will  be  (1'376)  "r^f"  x  (1'376)'  =  (1-0018)  X 
(1-876)*  =  V  ;  a!  being  the  temperatnre  required,  and  V  the 
Tolnme  of  the  air  at  this  increased  temperature  (Gregory's 
"  MeohanicB,"  vol.  i..  p.  486).  This  mode  of  oaloulation  gives 
%  less  «xpaiiBioa  than  that  of  Ur.  Gilbert. 
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ought  to  be  deducted  for  friction  from  the  mitiftl 
velocity  obtained  by  calculation ;  and  it  is  only  by 
empirical  means  we  can  arrive  at  an  estimate  of  itt 
amount. 

(376.)  We  shall  proceed  now  to  ascertain  how 
far  these  theoretical  calculations  agree  with  the 
results  obtained  by  experiments. 

In  some  new  furnaces  which  Sir  John  Guest 
has  lately  added  to  his  extensive  iron  works  at 
Dowlais,  some  experiments  have  been  made  on 
the  quantity  of  blast  injected  into  the  furnaces. 
In  these  experiments,  the  machinery  employed 
being  new  and  of  the  best  construction,  the  loss 
occasioned  by  the  escape  of  air  through  imper- 
fections of  the  apparatus,  was,  perhaps,  as  small  as 
possible.  The  engine  for  blowing  the  furnaces 
made,  at  the  time  of  the  experiments,  18  double 
strokes  per  minute.  The  diameter  of  the  blowing 
cylinder  was  100  inches,  and  the  effective  length 
of  the  stroke  seven  feet  six  inches.  From 
these  dimensions,  therefore,  it  appears  that  14,726 
cubic  feet  of  air  was  taken  into  the  blowing 
cylinder  per  minute;  and  the  tubes  through  which 
it  was  discharged  from  the  receiver  were  six  of 
four  inches  diameter,  and  six  of  one  and  a  quarter 
inch  diameter  ;  the  area  of  all  these  tubes  was 
therefore  '5747  of  a  square  foot,  and  the  pressare 
of  the  blast,  measured  by  a  mercurial  gauge,  was 
equal  to  four  and  a  half  inches  of  mercury.  Cal- 
culating by  the  formula  already  given,  we  shall 
have  ^  (827  x  13-58  x  4-5  -  12  x  64)  -  519-2 
feet;  which  is  the  velocity  per  second;  and  this 
number  multiplied  by  60,  and  then  by  the  area  of 
the  tubes,  will  give  519-2  x  60  x  5747  =  17,908 
cubic  feet  of  air  discharged  per  minute.  From 
this  amount  some  deduction  must  be  made  for 
friction.  The  velocity  of  the  discharged  air  U 
854  miles  per  hour;   and  with  this  immense  to- 
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locity,  and  through  such  small  pipes,  the  friction 
is  no  doubt  considerable.  By  deducting  18  per 
cent,  from  the  calculated  amount  of  17,y03  cubic 
feet,  we  shall  have  14,681  cubic  feet,  which  agrees 
within  a  fraction  (namely,  45  feet)  with  the  quan- 
tity obtained  by  measurement. 

(377.)  In  other  exi>erimentB  made  at  the  same 
place,  the  following  were  the  results :  The  quan- 
tity of  air  which  entered  the  blowing  cylinder  was 
the  same  as  before ;  namely,  14,726  cubic  feet ; 
the  total  area  of  the  tubes  which  discharged  the 
blast  was  '5502  of  a  square  foot,  and  the  pressure 
of  the  blast  was  equal  to  four  inches  of  mercury. 
The  calculation,  therefore,  will  be  y'  (827  x  13-58 
X  4 -H  12  X  64)  =  489'5  feet  per  second:  and 
therefore  489-5  x  60  x  "5502  -  16,159  cubic  feet 
discharged  per  minute.  The  velocity  of  the  blast 
in  this  case  was  333  miles  per  hour,  and  if  we 
deduct  for  friction,  nine  per  cent,  from  the  calcu- 
lated amount,  the  remainder  ia  exactly  the  quan- 
tity of  air  whicli  is  ascertained  by  experiments  to 
be  discharged  through  the  tubes. 

(378.)  In  a  work  published  in  1834  by  M. 
Dufrenoy,  being  a  Report  to  the  Director-General 
of  Mines  in  France,  on  the  use  of  the  Hot- Blast  in 
the  Manufacture  of  Iron  in  England,  the  results 
are  given  of  many  similar  experiments  to  the 
above;  but  with  two  exceptions,  the  details  are 
not  sufficiently  ample  to  found  any  calculations 
upon.  The  two  exceptions  named  are  the  furnaces 
at  the  Clyde,  and  at  the  Butterley  Iron  Works, 
when  they  were  blown  with  cold  air.  Both  these 
blowing  machines  are  described  as  having  l)cen  in 
use  for  several  years ;  and  it  is  therefore  natural  to 
Buppose  the  various  parts  were  more  worn,  and 
fitted  leas  accurately  than  in  those  experimenta 
already    descrilied.      The   experiments    were  also 

ide  with  less  care.     They  show  a  different  result 
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to  tbose  already  detailed ;  as  in  these  tlie  calculated 
quantity  of  air  appears  to  be  leas  than  the  quantity 
which  entered  the  blowing  cylinders,  in  about  the 
same  proportion  as  it  exceeded  it  in  the  former 
cases.  This  difference,  no  doubt,  arises  from  the 
imperfect  fitting  of  the  piston  of  the  blowing  cylin- 
der, which  by  allowing  a  portion  of  air  to  escape, 
would  diminish  the  apparent  (jressure  on  the  mer- 
curial gauge,  placed  at  the  further  extremity  of  the 
apparatus,  and  thence  the  calculated  rate  of  efflux 
would  of  course  be  duninished. 

(379.)  In  the  experiments  at  the  Clyde  works, 
the  quantity  of  air  which  was  discharged  into  the 
furnaces,  when  estimated  by  the  quantity  that 
entered  the  blowing  cylinder,  was  2,827  cubic  feet 
per  minute.  The  pressure  of  the  blast  was  equal 
to  six  inches  of  mercury,  and  the  area  of  the  tubes 
■0681  of  a  cubic  foot.  Calculating  the  discharge 
of  air  under  this  pressure,  it  amounts  to  2450  cubic 
feet,  being  13  per  cent,  less  than  the  measured 
amount,  supposing  no  loss  to  occur  by  imperfect 
fitting  of  the  apparatus. 

(380.)  At  the  Butterley  works,  the  quantity  of 
air  discharged  into  the  furnace,  estimated  by  the 
contents  of  the  cylinder,  was  2,500  cubic  feet  j)er 
minute.  The  pressure  of  the  blast  was  equal  to 
five  inches  of  mercury,  and  the  area  of  the  tubes 
■0681  of  a  cubic  foot.  The  quantity,  by  calcula* 
tion,  appears  to  be  2,235  cubic  feet,  being  less  by 
104  per  cent,  than  that  shown  by  experiment.  In 
botU  these  last  cases,  however,  there  is  but  little 
doubt  that  the  loss  of  air  from  the  cylinder  caused 
the  pressure  on  the  mercurial  gauge  to  be  \cm  than 
it  would  have  been,  had  the  apparatus  been  per- 
fectly tiglit ;  and  a  very  small  diminution  in  the 
observed  height  of  the  mercury  would  account  for 
a  much  greater  difterence  in  the  velocity  of  efflux 
than  is  here  shown. 


bbe 
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We  are  fully  warranted  in  the  conclusion  from 
lese  experiments,  that  this  method  of  calculation 
is  as  accurate  aa  any  theoretical  determination  of 
such  a  question  can  be;  but,  from  the  results  so 
obtained,  an  allowance  must  always  be  made  for 
friction,  which  will  necessarily  vary  with  the 
peculiar  circumstances  of  each  case. 

The  following  Table  will  exhiliit  the  results  of 
preceding  experiments  at  one  view. 
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m  In  order  to  show  the  results  of  the  several  modes 
of  calculation,  which  different  mathematicians  have 
adopted,  the  following  Tabic  has  been  calculated 
from  the  data  given  in  experiment  the  second 
of  the  preceding  Table  ;  and  it  shows  how  far  the 
several  modes  differ  from  each  other  in  their 
results  : — 

H  Table  XXX. 
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Considering  the  amount  of  fiiction  which  must 
result  fix)m  the  discharge  of  air  at  the  immense 
velocity  which  was  obtained  in  this  experiment, 
'  namely,  333  miles  per  hour,  and  also  that  some  of 
the  tubes  were  only  1^  inch  diameter,  it  will  pro- 
bably be  considered  that  the  highest  of  these  cal- 
culations is  the  nearest  the  truth,  as  it  only  allows 
of  a  deduction  of  nine  per  cent,  being  made  for 
friction,  to  reduqe  the  calculated  amount  to  the 
quantity  obtained  by  experiment.  It,  may,  there- 
mre,  be  concluded  that  the  method  which  gives 
this  result  is  the  most  accurate,  as  it  is  also  the 
most  simple  for  general  use. 


CHAPTER   VI. 


r  THE  CHEMICAL  CONSTITUTION  OF   COAL,   AND 
THE  COMBUSTrON   OF  SMOKE.* 

Early  Use  of  Cod  in  Eagland — Chemical  Composition  of  Coal 
— Analyses  of  Coal — Combustion  of  Coal — Loss  by  Imper- 
fect Combustion- — ^Loss  from  the  Escape  of  Smoke — Loss 
by  Carbonic  Oxide — Causes  of  Imperfect  Combustion — 
Theory  of  Combustion — Temperature  required  for  Com- 
bustion— Effects  of  Earefaction  of  the  Air — Effects  of  Hot 
Air — Quantity  of  Air  required  for  Comb  cation —Methods  of 
admitting  Air — Combustion  of  Anthracite  Coal — Descrip- 
tion of  varioae  Plans  for  consuming  Smoke — Artificial 
Faels. 

(381.)  The  value  and  importance  of  coal,  whether 
considered  in  its  commercial  or  its  physical  charac- 
ter, or  in  the  effects  it  has  produced  upon  civili- 
zation, are  sufficient  to  render  all  investigations 
concerning  it  singularly  interesting.  The  changes 
which  have  been  effected  in  the  social  condition  of 
man  by  the  instrumentality  of  this  valuable  sub- 
stance are  as  instructive  as  they  are  interesting  ; 
and  great  as  are  the  other  mineral  riches  of  England, 
they  would  be  comparatively  valueless  without  the 
possession  of  that  substance  which,  under  the 
generic  name  of  coal,  is  so  extensively  distributed 
throughout  its  various  districts. 

*  This  chapter  contains  the  principal  part  of  a  Paper  read 
before  the  Institution  of  Civil  Engineers,  May  10th,  1840, 
and  also  the  evidence  given  by  the  author  before  a  GommittM 
of  the  House  of  Commons  "  On  the  Prevention  of  Smoke." 


iHpMtHit,  hnwrewft  M  coal  Ium  now  heDotac, 
k  TMse  hfli  bacB  fiilfy  reeogniaed  Sir  compan* 
tivcfy  bat  s  6v  Tears ;  Hid  the  apathy  ana  in- 
AAnatt  wiA  ar&ieii  it  was  fcraieiiy  regarded, 
eaefinrta  moit  ■ingalarfy  wiA  tl>e  pmeot  imp(H>- 

(3^)  Tlie  ancieDt  BnUms  were  acqa&inted  whh 
*  tibc  nae  oi  eoala  bdbic  the  aniral  of  the  Romans. 
ThcAnglo-Saxooi  alao  knew  aod  partly  used  them; 
but  they  hc  not  mentioned  by  any  d  the  writ«^ 
in  the  ttmei  either  of  the  Dazies  or  Normans,  till 
the  feign  of  Henry  III.  who,  in  1234.  granted  s 

'urter  to  the  innabitanu  of  Xewcastle  to  work 

m.  In  1306,  they  were  prohibited  at  London 
aa  a  nuisance  ;  hat  in  1321,  they  were  used  at  the 
Palace,  and  became  soon  afterwards  an  important 
arttcte  of  oonunerce.  They,  however,  gradaally 
fell  into  disuse  except  among  the  poor  ;  and  even 
in  the  seventeenth  centtuy  their  nse  was  confined 
to  the  lower  cnders,  except  for  the  working  of 
metals.*  Such  a  prejudice  existed  against  chemb 
the  taiddle  of  the  sixteenth  century,  that,  in  the 
reign  of  Elizabeth,  an  attempt  was  made  again  to 
prohibit  their  use  in  London,  even  for  manufactur- 
ing jiurposes,  during  the  sessions  of  Parliament ; 
it  being  supposed  that  the  air  was  rendered  un- 
wholesome by  the  smoke  which  they  produced. 

Previous  to  the  commencement  of  the  seven- 
teenth century,  the  smelting  of  iron  and  other 
metallic  ores  was  performed  with  charcoal ;  but  st 
that  period  the  large  consumption  of  wood  for 
making  charcoal  had  so  thinned  the  country  of 
timber,  that  a  probability  appeared  that  many  iron 
works  would  be  stopped  for  the  want  of  fuel.  An 
important  era  now  commenced.  In  1619  a  patent 
was  obtained  by  Dudley,  for  smelting  iron  with 
the  coke  made  from  bituminous  coal  ;  which  in- 
•  Foabroke'a  "  Archaeology,"  vol.  i.,  p.  72. 


COMBUSTION    OF    COAL.  399 

1  wflB  applied  on  a  limited  scale  for  several 
Shortly  previous  to  this,  other  peraona 
had  attempted  the  same  process  without  Buccesa. 
Sturtevant  in  1612  and  Ravenson  in  1613,  both 
obtained  patents  for  methods  of  using  coal  in  blast 
furnaces  for  smelting  iron;  but  both  failed  of  success. 
Many  years,  however,  elapsed  before  the  use  of  coke, 
for  this  purpose,  became  general;  but,  from  the 
period  of  the  middle  of  the  seventeenth  century  the 
use  of  coal  became  common,  both  for  domestic  and 
manufacturing  purposes,  in  all  cases  where  heat 
was  required  to  be  produced;  and  its  consumption 
has  steadily  increased  from  that  period. 

These  few  historical  remarks  on  the  use  of  coal 
show,  in  a  striking  point  of  view,  the  neglect  with 
which  this  valuable  substance  was  formerly  treated; 
and  it  contrasts  most  singularly  with  the  vast  im- 
portance which  is  now  attached  to  it.  And  when 
we  consider  the  gigantic  effects  produced  by  its 
agency  in  our  own  times,  and  the  still  greater 
effects  of  which  it  yet  gives  promise,  we  can 
scarcely  credit  the  apathy  with  which  it  was  re- 
garded at  a  period  so  little  remote  from  our  own  age, 
(383.)  The  several  properties  of  coal  are  the  re- 
sult of  two  distinct  substances,  which  are  combined 
in  diflerent  proportiona  in  the  specimens  obtained 
from  different  localities.  Carbon  and  bitumen  are 
the  two  substances  which  give  to  coal  its  distinctive 
characters,  though  other  substances,  exist  in  it  in  a 
greater  or  less  degree  ;  some  being  extraneous  and 
the  result  of  mere  local  situation,  and  others  partak- 
ing of  a  more  generic  character.  In  discussing 
this  subject  we  shall  proceed  to  consider — first,  the 
chemical  character  and  composition  of  coal ;  second- 
ly, its  properties  as  a  combustible  ;  and,  lastly,  the 
methods  of  consuming  the  smoke  given  off  during 
its  combustion,  and  of  rendering  it  available  in  tn- 
rea&ing  the  calorific  eftects  of  the  fuel, 
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(  384. )  Some  chemistB  have  objected  to  the  opinion 
that  coal  is  a  compound  of  carbon  and  bitumen. 
No  process  has  yet  been  devised  by  which  it  has 
been  possible,  in  the  analyses  of  coal,  to  resolve  it 
entirely  into  these  two  substances  ;  but,  together 
■with  them,  there  is  always  obtained  a  quantity  of 
gaseous  matter.  Some  portion  of  this  gaseous  mat* 
ter  readily  distils  from  coal  with  comparatively  a 
very  slight  increase  of  temperature ;  while  other 
portions,  evidently  resulting  from  the  decomposition 
of  the  bitumen,  require  for  their  elimination  a  much 
more  intense  heat.  No  sjiecimens  of  coal  yet  dis- 
covered are  entirely  free  from  these  gaseous  products. 
The  only  kinds  whicli  may  be  supposed  to  be  ex- 
empt from  them  are  the  nnthracites  ;  but  these  all 
contain  a  small  portion  of  volatile  matter,  consider- 
ed by  some  to  be  merely  water,  or  its  elements;  but 
by  others,  on  more  accurate  analysis,  decided  to  be 
similar  in  composition,  though  far  lees  in  quantity, 
to  the  products  obtaiaed  from  bituminous  coal. 

Considerable  discrepancies  exist  in  the  analyses 
by  different  chemists  of  some  varieties  of  coal. 
Enough,  however,  is  known  to  afford  very  valuable 
information  in  the  successful  application  of  coal  to 
the  various  useful  purposes  of  the  arts  :  though  it 
must  be  confessed  that  hitherto  the  operations  of 
the  practitioner  have  availed  far  more  than  the 
theories  of  philosophy. 

(385.)  No  accurate  analyses  of  coal  were  made 
previous  to  those  of  Dr.  Thompson,  in  1819.  The 
method  previously  employed,  by  ascertaining  the 
quantity  of  residuary  carbon  left,  after  the  volatile 
matter  was  driven  off,  was  necessarily  very  inac- 
curate ;  because  the  gaseous  products  of  the  coal 
carried  off  a  considerable  portion  of  carbou  in  the 
form  of  carburetted  liydrogen  and  carbonic  oxide, 
by  which  the  quantity  of  carbon  in  any  giv^ 
specimen  appeared  to   be  considerably   lees  thnu 
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ly  existed.  Such  a  mode  of  analysis,  however, 
act  without  its  use ;  Ijecause  it  shows,  more 
lurately  than  any  other,  the  quantity  of  coke 
ich  can  practically  l>e  obtained  from  any  given 
:ciiQen  of  coal,  and  which  by  any  other  mode  can 
Illy  be  found  by  calculation. 
The  earhest  analyses  of  coal    by   this   process 
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•  rhiioiophical  Jfajanitc,  vol.  xxxii.,  p.  140.  The  same 
author  tiaa  recently  increased  this  list  by  some  hundreds  of 
analyses  of  dliferent  coals,  and  pablished  the  results  in  his 
"  Papers  on  Iron  and  Steel." 

1+  AnnaU  of  Pliihsophy,  vol.   siv..  p.  81;    and   vol,    %v., 
894. 

^  Ibid,  vol.  xxvii.,  p.  101.     In  this  aDalyeis  the  volatilo 
Utter  is  oonaidored  to  be  entirely  composed  of  water. 
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whicli  have  been  published,  with  the  exception  of 
those  by  Kinvan,  were  made  by  Mr.  Mushet:  they 
are  given  in  the  preceding  Table,  together  with 
Beveral  other  more  recent  analyses  by  difierent 
experimentalists. 

These  analyses  show  the  very  great  difference 
whieh  exists  in  the  com[tosition  of  the  various 
deecriptions  of  coal.  This  ditJerence  not  only  exists 
between  the  several  species  of  coal,  but  likewise  in 

Table  SXXU. 
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5-239 
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1-393 

1 

Ditto,  Durham 

83-274 

B-J71 

0-036 

2-519 

Anthracite,  Wales. 

92-56 

333 

2-53 

1-58 

Reynaulfc^ 

Ditto,PennsylTaiiiB 

90-4S 

2-43 

2-45 

4-87 

Ditto.  Mevenn 

91 '08 

8-92 
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0-94 

ratto,  Boldae 

91-45 

4-lS 

Z-12 

2-25 

Ditto,  Wales 

89-43 

3-5G 

3-95 

1-70 

92-43 

3-37 

2-49 

173 

SohaThMxitLI 

•  Annali  of  J'hilonojihy,  vol.  xiv.,  p.  86. 
t  "Chemical  Dictionary,"  Art.  "  Coal." 

*  London  and  Edinburgh  I'hilogopkieal  Magatine,  Tol.  xiu., 
p.  181. 

§  AiiiiaJa  de  Chtmif,  vol.  IiTi.,  p.  837. 

II  Ijondo"  aifi  Kdinbnnjh  Philosofkical  Magadnt,  ToL  ZTli.. 
p.  218.  Id  this  analysis  the  cool  coatuiued  1-36  per  oeat.  of 
water. 

f  Wii.,p.21S.    In  the  BshsBCFf  this  analysis -12  per  cent. 

is  liUlpbQt. 
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the  different  specimens  of  the  same  species,  obtained 
from  different  localities.      This  is  particularly  the 
case  with  the  anthracite  coal,  which  passes  through 
every  stage  of  dift'erence,  from  nearly  a  pure  carbon, 
^down  to  the  state  of  ordinary  bituminous  coal. 
^Kk  (3Sf).)  A  more  intimate  knowledge  of  the  nature 
^^PF  cail  was  obtained  by  Dr.  Thomson's  analyses, 
^Before  alluded  to,  by  which  the  exact  constituents 
of  the  volatile  matter  were  ascertained.     The  pre- 
ceding Table  gives  these  analyses,  together  with  the 
results  obtained  by  other  chemists  in  determining 
the  nature  of  the  gaseous  products  obtained  from 
coal. 

By  comparing  together  the  results  of  Dr.  Thomson's 
analyses  given  in  the  preceding  Tables,  we  shall  see 
how  greatly  the  nature  of  the  volatile  matter  con- 
tained in  any  specimen  of  coal  affects  the  resulting 
quantity  of  coke.  By  Table  xxxii,  it  appears  that 
the  aggregate  quantity  of  the  gaseous  products  of 
caking,  splint,  and  cherry  coal,  are  very  nearly 
similar;  while  by  Table  xxxi.  we  perceive  tJiat  the 
quantity  of  coke  obtainable  from  these  several  species 
varies  more  than  45  per  cent.  This,  however,  can 
readily  be  accounted  for,  when  we  ascertain  the 
nature  of  the  gas  which  predominates  in  each  species: 
for,  where  hydrogen  and  oxygen  abound,  a  large 
quantity  of  carburetted  hydrogen  and  carbonic 
oxide  is  formed,  at  the  expense  of  a  certain  propor- 
"■)n  of  the  carbon;  while  in  such  specimens  as 
ntain  azote  in  the  largest  proportion,  a  far  smaller 
SB  of  the  carbonaceous  portion  of  the  coal  is 
letained. 

^)  Of  all  the  volatile  constituents  of  coal, 

I  azote  is  that  which  quits  it  with  the  greatest 

Bculty.     Professor  Proust*  considers  that  coal 

iraye  contains  azote,  even  when  reduced  to  coke; 

when  coke  is  treated   with    potass,  a  prussic 

XiehoUon'ii  Jmnial,  vol.  xviii.,  pp.  166  snd  173, 
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lixivium  is  always  obtained  j  and  the  same  he  even 
found  to  be  the  case  with  anthracite  coal.  The 
prussic  radical  is  a  compound  of  azote  and  carbon; 
and  it  may  be  a  question  whether  any  part  of  the 
difference  which  is  known  to  exist  in  the  heating 
power  of  "  oven  coke  "  and  "  retort  coke,"  is  owing, 
in  the  former  cane,  to  the  presence  of  a  larger  portion 
of  nitrogen.  Some  of  the  prussic  compoiinds  are 
ver)'  inflammable,  and  may  therefore  be  supposed  to 
produce  some  calorific  etfect  by  their  presence. 

Sulphur,  which  is  another  substance  retained 
irith  the  greatest  pertinacity  by  coal,  exists  in 
nearly  all  the  species  in  a  greater  or  less  degree. 
It  is,  perhaps,  the  only  one  of  their  constituents 
which,  according  to  our  present  knowledge,  is 
wholly  valueless.  Its  injurious  tendency  is  not 
more  remarkable  than  the  tenacity  with  which  the 
coal  retains  it.  Generally  it  exists  in  combination 
with  iron,  in  the  form  of  pyrites.  In  tlie  proceBS 
of  coking  a  portion  of  the  sulphur  escapes  in  the 
state  of  sulphuretted  hydrogen  gas  ;  but  no  degree 
of  heat  is  sufFicient  to  drive  off  the  whole  of  the 
sulphur  ;  and  many  beds  of  coal  are  rendered 
almost  useless,  in  consequence  of  the  large  quantity 
of  sulphur  which  the  coal  contains  preventing  ite 
use  in  metallurgy,  and  many  other  processes  in  the 
arts.  The  presence  of  sulphur,  indeed,  is  generally 
more  perceptible  in  coke  than  in  coal  :  the  mass  of 
volatile  matter  which  escapes  from  the  latter  dis- 
guises the  presence  of  the  sulphur  in  a  great  degree  ; 
while,  with  coke,  the  fumes  of  sulphurous  acid  are 
generally  very  perceptible.  No  mode,  practically 
applicable,  has  yet  been  discovered  for  freeing  coal 
from  the  stdphur  it  contains.  By  treating  it  with 
nitric  acid  the  pyrites  are  dissolved,  and  the  sulphur 
and  the  iron  may  be  washed  out;  but  the  coal  is 
converted  by  the  operation  into  a  bulky  coke,  and 
is  entirely  changed  in  its  character,  and  ceases  to 
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afl'ord  the  same  gaseous  products  as  before.*  It  is 
probable  that  some  kinds  of  anthracite  coal  are 
nearly  free  from  the  presence  of  sulphur  ;  and, 
indeed,  several  kinds  afford  no  evidence  of  its  ex- 
istence. 

>  (388.)  The  application  of  coal  to  the  purposes 
T  fuel  depends  like  that  of  all  other  combustible 
idles,  on  the  chemical  change  which  it  undergoes 
in  uniting  by  the  agency  of  heat  with  some  body 
for  which  it  possesses  a  powerful  affinitj'.  In  all 
ordinary  cases  this  effect  is  produced  by  its  union 
with  oxygen  ;  and  we  shall  therefore  inquire  into 
the  modes  of  effecting  this  is  the  best  manner. 
When  coal  is  entirely  consumed,  the  carbon  is 
holly  converted  into  carbonic-acid  gas,  and  the 
fdrogen  into  water — the  latter  being  in  the  state 
F  vapour.  The  air  supplies  the  necessary  oxygen 
for  this  purpose  ;  and  in  this  state  the  products  of 
the  combustion  are  nearly  or  quite  invisible,  both 
^^e  products  being  colourless  fluids.  Smoke,  tfiere- 
^Hkv,  is  always  the  result  of  imperfect  combustion. 
^Ht(389.)  It  has  generally  been  considered  that 
^Hmen  coal  is  carefully  coked,  the  residuary  coke 
will  produce  as  much  heat  when  applied  as  a  fuel 
as  the  original  quantity  of  coal  would  have  done 
from  which  it  was  produced.  This  of  course  can 
only  be  taken  in  a  general  sense ;  because  much 
must  depend  upon  the  method  of  coking  and  the 
prevention  of  waste,  as  well  as  the  extent  to  which 
the  process  of  coking  has  been  carried.  Many 
experiments  confirmatory  of  this  general  view  of 
the  relative  values  of  coal  and  coke  have  been 
made  ;  the  most  recent  are  those  of  Mr.  Apsley 
PcUat,  Mr.  Parkes,  and  the  Count  de  Pambour. 
pot  it  should  be  observed  that  in  the  residuary 
;  from  the  process  of  gas-making,  the  peculiar 
ide  of  carbonization  lessens  its  heating  power  to 
SiehaUoH'i  Journal,  vol.  xviii,,  p.  170. 
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a  considerable  extent ;  and  it  is  principally  to  what 
ia  known  as  "  oven-made  coke  ''  that  this  remark 
■will  therefore  apply. 

We  have  the  clearest  evidence  from  the  fact  of 
the  great  difference  in  the  heating  powers  of  egucd 
weights  of  coal  and  of  coke,  that  the  waste  must  be 
very  great  in  the  usual  modes  of  burning  coal.  We 
know  that  a  large  proportion  of  the  gaseous  pro- 
ducts of  coal — which  we  have  already  seen  conati- 
tute  on  a  rough  average  about  one  fourth  of  its 
total  weight — consists  of  matter  which  is  capable 
of  producing  the  most  intense  heat  :  and  yet  we 
find,  practically,  that  its  effect  in  furnaces  is  abso- 
lutely negative.  This  can  arise  only  from  some 
imperfection  in  our  methods  of  combustion  ;  and 
we  may  obtain  a  tolerably  accurate  notion  of  the 
extent  of  the  loss  thus  sustained,  by  a  reference 
to  the  analyses  of  coal  already  given.  Let  us  take 
as  an  example  the  caking  coal,  according  to  Dr. 
Thomson's  analysis  in  Table  xxxii. — which  is  the 
Newcastle  coul  so  generally  used.  We  find  that 
in  every  100  lbs.  of  coal  there  are  contained  4" IS  lbs. 
of  hydrogen,  and  4"58  lbs.  of  oxygen.  When  the«e 
gaseous  jjrodncts  are  driven  off  by  heat,  they  will 
both  combine  with  a  portion  of  carbon.  The 
quantity  of  carbon  which  combines  with  the 
hydrogen  is  very  variable ;  differing  with  the 
degree  of  heat  to  which  it  is  exposed.  When  the 
temperature  is  very  high  the  hydrogen  will  com- 
bine with  three  times  its  weight  of  carbon,  forming 
the  true  carburetted  hydrogen  ;  but,  from  a  coke 
oven,  a  large  portion  of  the  hydrogen  escapes 
nearly  in  an  uncombined  state,  and  therefore  the 
quantity  of  carbon  thus  abstracted  will  be  only 
about  one  half  the  quantity  which  would  con- 
stitute true  carburetted  hydrogen  ;  or  about  6  lbs. 
of  carijon  may  be  assumed  as  the  quantity  carried 
off  in  the  latter  case.     Dr.  Dalton  ascertained  that 
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the  combustion  of  1  lb.  of  hydrogen  would  melt  320 
Ibi.  of  ice;  therefore,  4'18  lbs.  would  melt  1337 
lbs.  of  ice;  and  the  heat  produced  by  6  Iba.  of  carbon 
will  be  sufficient  to  melt  376  lbs.  of  ice,  according 
to  the  average  of  the  experiments  of  Watt,  Rumford, 
and  Black.*  The  458  Iba.  of  oxygen  contained  in 
the  coal  will  combine  with  3"5  lbs.  of  carbon,  and 
form  8'08  lbs.  of  carbonic  oxide.  According  to 
Dr.  Dalton,  1  lb.  of  this  gas  ^rill  melt  25  lbs.  of  ice; 
therefore,  S'OS  lbs.  mil  melt  202  lbs.  of  ice.  These 
results  amount  together  to  1915  Ibe.  of  ice  melted  by 
the  heat  obtainable  froDi  these  several  substances; 
which  number  multiplied  by  140  degrees,  the  la- 
tent heat  of  ice,  and  this  product  divided  by  7020, 
the  number  of  pounds  weight  of  water  which  can 
Iw  raised  1  degree  by  the  combustion  of  1  lb.  of 
coal,  we  shall  find  the  total  heat  of  these  several 
gaseous  products  are  equal  to  the  calorific  effects  of 
38  lbs.  of  coal.  It  is  not  known  whether  the  azote 
which  the  coal  contains  produces  any  heating  effect; 
nor  will  the  heat  neceesary  for  its  expulsion  from 
the  coal  cause  any  loss  which  is  appreciable,  even  if 
the  whole  of  it  be  driven  off  by  heat,  which,  how- 
ever, we  have  already  seen,  is  not  the  case.  By  the 
experiments  of  Berard  and  Delaroche,  on  tlie  specific 
heat  of  gases,  we  find  that  to  raise  the  temperature 
of  the  15"96  lbs,  of  azote  to  the  temperature  of  500 
degrees  Fahrenheit,  will  only  re(|uire  4-9  ounces  of 
coal — a  quantity  too  small  to  be  taken  into  account. 
The  loss,  tlierefore,  by  the  escape  of  these  gaseous 
products  of  the  coal,  amounts,  by  these  calculations, 


*  The  average  of  the  esperimeuts  of  Watt,  Bmnford,  and 
Black,  gives  39  lbs,  of  water  raieed  180  degrees,  by  the  com- 
buBtioD  of  1  lb,  of  coal ;  or  7020  Ibe.  of  water  raised  1  degree. 
The  latent  heat  of  ioe  being  liO  degrees,  this  will  be  equal  to 
melting  5014  lbs.  of  ice  with  1  lb.  of  coal ;  and  the  heating 
power  of  coke,  compared  with  coal,  being  as  10  to  8,  1  lb.  of 
soke  will  melt  62-7  lbs.  of  ice. 
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to  38  per  cent, ;  ami  the  coke  which  remains  will  he 
of  the  description  known  hy  the  name  of  "oven 
coke,"  and  will  produce  the  eame  calorific  effect 
as  the  original  quantity  of  coal  would  have  done, 
provided  i/ie  coal  were  burned  in  the  usual  manner. 

Another  method  may  be  employed  for  aHcertain- 
ing  the  loss  sustained  by  the  escape  of  the  volatile 
matter  of  coal,  by  calculating  the  heating  power  of 
the  various  products  obtained  from  coal  in  the  pro- 
cess of  gas-making.  The  (juantity  of  carburetted 
hydrogen  gas  obtainable  from  100  lbs.  of  caking 
coal,  of  good  average  quality,  may  l>e  stated  at  about 
450  cubic  feet ;  of  which  the  specific  gravity  is 
about  '50  to  'SS.  Twenty-four  cubic  feet  of  this  gas 
will  weigh  1  lb. ;  and  as  1  lb.  weight  of  this  gaa 
will  melt  85  lbs.  of  ice,  according  to  l>r.  Dalton's 
experiments,  we  shall  have  ^  x  85  ^  1593  Ilis.  of 
ice  melted  by  the  combustion  of  the  gas  obtainable 
from  100  lbs.  of  coal.  Reducing  this,  as  in  tlie 
former  case,  to  the  mean  of  the  results  obtained  by 
Watt,  Rumford,  and  Black,  we  shall  find  that  it  is 
equal  to  the  total  effect  of  31*76  lbs.  of  coal.  In 
addition  to  this  there  will  be  about  8  lbs.  of  tar 
obtained  from  100  lbs.  of  coal.  This,  when  decom- 
posed by  heat,  yields  about  100  cubic  feet  of  an 
impure  hydro-carburet,  mixed  with  about  one-thircl 
by  weight  of  carbonic  oxide.  Reckoning  the  heat 
of  this  by  the  data  already  given,  it  will  be  equal 
to  the  efl'ectof  10"4  lbs.  of  coal.  The  other  product 
of  the  distillation  is  amraoniacal  liquor.  Of  this 
about  74  lbs.  will  be  obtained  from  100  lbs.  of  coal; 
consisting  of  5|  lbs.  of  water,  and  Ij  lbs,  of  am- 
monia ;  the  former  containing  In  its  composition 
•64  lb.  of  hydrogen,  and  the  latter  -29  lb.,  making 
together  93  lb.  of  hydrogen  ;  and  the  heat  obtain- 
able from  this  quantity  of  hydrogen  will  be  equ*! 
to  5'93  lbs.  of  coal.  These  several  results  amount 
together  to  a  loss  equivalent  to  43 'OS  lbs.  of  coal; 
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but  as  the  residuary  product  of  the  distillation  will 
be  only  "  retort  coke,"  which  is  interior  to  "  oven 
coke  "  in  its  heating  power  to  the  extent  of  12^  per 
cent,,  according  to  the  experiments  of  M,  de  Pam- 
boiir,  we  must  deduct  from  the  above  amount  the 
difference  between  the  heating  power  of  this  coke 
and  that  wliich  was  supposed  to  be  obtained  by  the 
former  mode  of  calculation — the  quantity  being 
considered  the  same  in  both  cases.  We  shall  there- 
fore find  the  statement  will  stand  as  follows: — 


t 


□btniiuible  from  iBO  raliic  feet  □< 


By  this  method  of  calculation,  the  loss  occasioned 
by  the  non-combustion  of  the  volatile  products  of 
the  uoal  amounts  to  38^  per  cent.,  which  is  an  ex- 
tremely near  approximation  to  the  result  obtained 
by  the  former  method.  We  cannot,  however,  con- 
Hider  that  the  whole  of  this  amount  is  always  lost 
by  the  escape  of  smoke  in  tlie  combustion  of  coal. 
With  open  fires,  no,  doubt,  this  is  the  case,  as  well 
as  other  sources  of  loss  peculiar  to  tliis  method  of 
combustion.  But  in  furnaces,  however  imperfectly 
they  are  constructed,  some  portion  of  the  smoke  ia 
always  consumed ;  and  by  that  amount,  whatever 
it  may  Ije.  the  loss  is  diminished.  The  smaller  the 
quantity  of  volatile  matter  which  the  coal  contEnns, 
the  less  will  be  the  loss  in  this  way  ;  but  the  kind 
of  coal  selected  for  these  calculations  is  a  quality 
which  may  be  considered  to  afford  a  fair  average. 

(390.)  But,  in  addition  to  the  loss  of  calorific 
:t  which  is  here  shown  by  the  escape  of  uncon- 


410 


COMBUSTION    OF    COAL. 


sumed  smoke,  there  is  another  source  of  loss  wliich 
always  exists  in  a  greater  or  less  degree  arising  from 
the  formation  of  carbonic  oxide.  It  is  of  importance 
to  understand  correctly  the  theory  of  the  formation 
of  tiiis  carbonic  oxide,  aa  it  materially  aS^ects  the 
question  of  economy  in  the  combustion  of  fuel. 

(391.)  When  atmospheric  air  comes  in  contact 
with  coal  or  coke  at  a  very  high  temjierature,  the 
combination  of  the  oxygen  of  the  air  with  the  car- 
bon of  the  fuel,  always  forms  carltonic-acid  gas,  and 
produces  the  phenomenon  cf  combustion.*  Such 
ia  the  effect  of  atmo&pheric  air  entering  through 
the  grate-bars  of  a  furnace,  on  the  lower  stratum  of 
fuel,  lying  immediately  on  the  Ijars.  But  while 
this  carbonic-acid  gas  passes  upwards  through  the 
upper  strata  of  the  heated  fuel,  a  further  portion  of 
carbon  combines  with  it,  and  it  liecomes  converted 
into  carbonic  oxide — carbonic  add  consisting  of 
two  volumes  of  oxygen  and  one  volume  of  carbon ; 
while  carbonic  oxide  is  composed  of  equal  volumes 
of  oxygen  and  carbon. 

The  result  of  this  conversion  of  carbonic-acid 
gas  into  carbonic  oxide,  by  passing  the  former 
through  highly- heated  carbon,  is  a  considerable 
loss  of  heat  when  the  carbonic  oxide  escapes  from 
the  furnace  in  this  state ;  for  a  given  weight  of 
carbon,  converted  into  carbonic  oxide,  only  produces 
half  the  heat  which  it  would  do  were  it  converted 
into  carbonic-acid  gas.  The  combustion  of  fuel, 
therefore,  cannot  be  perfect  where  any  considerable 
quantity  of  carbonic  oxide  escapes  undecomposed; 


*  The  lowest  temper&tiire  at  which  this  combination  of 
oxygen  and  carbon  takes  plaoe,  is  a  tittle  above  the  boiling 
point  of  mercury.  At  this  temperature  oorbonic-ocid  gas  is 
formed  without  any  luminous  appooranoe ;  at  higher  tenipen- 
lures  true  combustioa  occurs,  and  caibonio  acid  ie  prodacwd 
with  great  rapidity.  (Davy's  "ExperimentB  on  Flamei" 
PhUofophical  Magatint,  Tol.  60,  p.  10.) 
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although  it  may  often  happen  that  no  smoke  is 
visible  even  when  there  is  a  large  escape  of  carbonic 
oside.  Tliis  ia  particularly  the  caae  when  coke  is 
used  as  fuel.  There  is  in  this  case  no  smoke;  but 
if  there  is  a  deficiency  of  atraoepheric  air  to  supply 
the  necessary  amount  of  oxygen  to  convert  the 
product  of  the  combustion  wholly  into  carbonic- 
acid  gas,  a  large  quantity  of  carbonic  oxide  ia 
formed,  which  not  only  causes  a  very  great  loss  of 
fuel,  but  it  is  probably  even  more  unwholesome  than 
the  most  dense  smoke.  No  system  of  combustion 
can  therefore  be  perfect  which  does  not  provide  a 
supply  of  atmospheric  air  above  the  fuel,  sufficient 
to  reconvert  the  carbonic  oxide  (which  has  been 
formed  by  imssing  the  carbonic  acid  through  the 
mass  of  burning  fuel)  into  carbonic  acid:  and  in 
this  process  it  absorbs  just  its  own  volume  of 
oxygen,  and  it  gives  out  another  measure  of  heat 
exactly  equal  to  that  already  produced  Ijy  it  in  the 
furnace,  the  heat  from  a  given  volume  of  carbonic 
acid  being  j  ust  double  what  is  obtained  from  the 
same  volume  of  carbonic  oxide.  The  combustion 
of  the  furnace  is  therefore  produced  by  the  oxygen 
of  the  air  forming  carbonic  acid  with  the  lower 
stratum  of  fuel  lying  on  the  furnace-bars;  this  is 
changed  into  carbonic  oxide  as  it  passes  through 
the  super-stratum  of  heated  fuel;  and  this  carbonic 
oxide  is  again  reconverted  back  into  carbonic  acid, 
by  bringing  the  oside  into  union  with  a  further 
quantity  of  atmospheric  air. 

(392.)  In  tlie  case  of  bituminous  coal,  the 
economy  of  fuel  must  necessarily  consist  both  in 
consuming  the  smoke  and  in  jjreventing  the  escape 
of  undecomposed  carbonic  oxide.  Smoke  always 
arises  from  one  of  two  causes — deficiency  of  air,  or 
an  insufficient  degree  of  heat  to  cause  the  chemical 
union  between  the  constituents  of  the  fuel  and  the 
oxygen  derived  from  the  air;   and  sometimes  it 
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arises  from  both  these  causes  combined.  The  loss 
arising  from  the  carbonic  oxide  ia  almost  entirely 
owing  to  deficiency  of  oxygen.  In  open  fireplaces 
the  smoke  is  caused  by  deficiency  of  heat ;  in  close 
funiaces  it  is  generally  caused  l)y  deficiency  of  air; 
and  all  the  different  methods  which  have  been 
proposed  for  consuming  smoke  in  close  furnaces, 
however  variously  these  plans  may  be  apjilled,  are 
all  based  on  the  principle  of  supplying  additional 
air  to  the  burning  fuel.  Two  or  three  plans, 
indeed,  for  destroying  smoke  have  been  proposed, 
which  will  presently  be  mentioned;  but  we  shall 
first  inquire  into  the  methods  of  beneficially  apply- 
ing the  combustion  of  the  gaseous  products  of  coal 
to  the  ordinary  purposes  of  fuel. 

(393. )  A  vast  deal  of  misconception  upon  a  very 
simple  subject  has  occurred  from  parties  interested 
in  particular  inventions,  discussing  the  general 
question  of  the  combustion  of  smoke  in  the  way 
best  calculated  to  recommend  their  own  inveu* 
tions,  and  to  depreciate  those  of  others.  The 
inquiries  as  to  whether  hot  air  or  cold  air  is  most 
advantageous  for  consuming  smoke,  or  whether 
smoke  is  really  cajiable  of  being  consumed  iifter  it 
is  once  formed,  or  whetlier  the  only  remedy  for  it 
is  to  pre\i:ut  its  formation,  are  entirely  of  this 
kind,  liut  that  which  will  be  found  to  be  the 
fact  is,  that  smoke  is  as  ca])able  of  being  consumed 
as  any  other  combustible,  and  that  there  are  many 
methods  of  accomplishing  this  both  by  hot  and  by 
cold  air. 

The  combustion  of  smoke,  and  indeed  of  any 
other  substance,  is  not  to  be  supposed  to  involve 
its  total  annibilation;  for  matter  of  all  kinds,  so 
far  as  our  knowledge  extends,  is  indestructible. 
But  the  combustion  of  smoke  is  that  change  of 
state  produced  by  chemicil  union  with  other  aub- 
stances,  which  entirely  alters  its  charactor  and 
appearance. 
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J  (394.)  The  constituents  of  smoke  can  be  accu- 
^^tely  Judged  of  from  a  knowledge  of  the  chemical 
composition  of  the  coal  which  produces  it.  Nitro- 
gen, oxygen,  hydrogen,  and  carbon,  with  the 
various  combinations  of  these  bodies,  namely, 
carbonic  acid,  carbonic  oxide,  carburetted  hy- 
drogen, ammonia,  and  vapour  of  water,  together 
with  minute  portions  of  various  resins,  salts, 
earthy  matters,  and  volatile  inBammable  vapours, 
mnst  necessarily  constitnte  the  substance  known 
under  the  general  name  of  smoke.  All  these  aub- 
Btances,  except  the  carbonic  acid,  are  capable  of 
Jurther  combinations  with  atmosiiheric  air,  by 
means  of  a  high  temperature ;  and  practically 
they  do  all  undergo  a  change,  except  that  the 
nitrogen  exists  in  too  large  a  quantity  to  enable 
any  considerable  proportion  of  it  to  combine 
chemically  with  the  other  substances.  Thus,  then, 
there  is  nothing  to  prevent  a  "  true  combustion  of 
smoke"  from  taking  place ;  by  which  means  cliemical 
combinations  are  produced,  the  principle  being 
that  the  uncombined  carbon  which  gives  the  black 
colour  to  fimoke  unites  with  oxygen  derived  Irom 
the  air,  and  becomes  converted  into  the  colourless 
carbonic-acid  gas ;  while  the  carbonic  oxide  is  also 
changed  into  the  same  chemical  compound — 
namely,  carbonic  acid. 

Ab  regards  the  actual  destruction  of  the  black 
colour  of  smoke,  it  matters  but  little  whether  hot 
or  cold  air  lie  admitted  into  the  furnace;  for  so 
long  as  the  furnace  is  sufficiently  hot,  and  the 
quantity  of  air  is  sufficiently  abundant,  the  com- 
bustion will  take  place.  But  before  the  air  can 
enter  into  combustion,  it  is  necessary  that  it  be 
raised  to  a  high  temperature  ;  in  most  cases,  about 
800"  or  900°  of  Fahrenheit  Ijeing  required  for  this 
purpose.*  When  the  air  is  not  heated  previous  to 
■  See  uote  to  Art.  391,  ante. 
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its  entrance  into  the  furnace,  this  heat  which  is 
necessary  for  its  combination  is  obtained  from  the 
bodies  with  which  it  combines;  their  temperature 
is  therefore  necessarily  lowered,  by  parting  with 
the  requisite  heat  to  raise  the  temi)erature  of  the 
air  to  that  high  degree  at  which  it  will  enter  into 
chemical  union  with  the  gaseous  and  solid  matter 
of  the  fuel. 

(395.)  The  experiments  of  Sir  Humphry  Davy 
on  combustion,*  clearly  show  the  necessity  of  a 
high  temperature  before  active  combustion  can  taVe 
place,  and  the  advantages  that  must  therefore 
result  from  extrinsically  heating  the  air  which 
supports  combuBtion.  They  also  entirely  refute 
the  assertions  that  the  rarefaction  of  the  air  by 
heat  is  injurious  to  complete  combustion,  his  ex- 
periments having  in  fact  been  undertaken  with 
the  view  of  testing  the  accuracy  of  a  theory  to 
this  effect,  propounded  by  M.  de  Grotthus  and 
others,  and  which  he  found  to  be  erroneous. 

When  Sir  Humphry  Davy  caused  a  jet  of  hy- 
drogen gas,  one-sixth  of  an  inch  in  height,  to 
bum  in  the  receiver  of  an  air-pump,  the  flame 
enlarged  as  the  receiver  was  exhausted  by  the 
pump,  and  was  at  its  maximum  when  the  pressure 
of  the  air  was  between  four  and  6ve  times  less  than 
that  of  the  atmosphere;  and  when  a  larger  jet  was 
used,  the  same  phenomenon  occurred  even  when 
the  air  was  rarefied  ten  times.  This  eftect,  from  a 
larger  jet,  was  found  to  arise  from  the  increased 
heat  produced :  and  the  conclusion  drawn  from  all 
the  experiments  was,  "that  among  combustible 
bodies,  those  which  require  least  heat  for  their  com- 
bustion, bum  in  more  rarefied  air  than  those  that 
re<imre  more  heat ;  and  those  that  produce  much 

•  "  Besearobes  on  Flaine,"  by  Sir  Hamphry  Davy.   Phita- 

tophical  Traiuiartiom,  Fart.  I.,  for  1817 ;  and  PhUntophieal 
ilagasine,  vol.  60,  p.  1,  «  nq. 
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b  in  their  combustioD,  bum,  other  circumstances 
J  the  same,  in  more  rarefied  air  than  those  that 
produce  little  heat.''  The  experiments  also  proved 
that  "  by  preserving  heat  in  rarefied  air,  or  giving 
heat  to  a  mixture,  inflammation  may  be  continued 
when,  under  common  circumstances,  it  would  be 
extinguished."  When  these  mixtures  were  heated 
before  combustion,  Sir  Humphry  Davy  found  "that 
expansion  by  heat,  instead  of  diminishing  the  com- 
bustibility oit"  gases,  on  the  contrary  enables  them  to 
explode  apparently  at  a  lower  temperature  ;  which 
seems  perfectly  reasonable,  as  a  jmrt  of  the  heat 
communicated  by  any  ignited  body  must  be  lost  in 
gradually  raising  the  temperature."  It  was  also 
found  that  "  the  cooling  power  of  mixtures  of  elastic 
fluids  in  preventing  combustion  increases  with 
their  condensation  and  diminishes  ivith  their  rare- 
faction ;  at  the  same  time  the  quantity  of  matter 
entering  into  combustion  in  given  spaces  is  relative- 
ly increased  and  diminished.  The  experiments  on 
name  in  rarefied  atmospherical  air  show  that  the 
quantity  of  heat  in  combustion  is  very  slowly 
diminished  by  rarefaction,  the  diminution  of  the 
cooling  power  of  the  azote  being  apparently  in  a 
higher  ratio  than  the  diminution  of  the  heating 
powers  of  the  burning  bodies."  When  the  rarefac- 
tion of  the  air,  however,  is  produced  by  heat,  not 
only  ia  there  no  loss  whatever  in  the  available  heat 
produced  by  combustion,  but  the  extensive  applica- 
tion of  heated  air  by  means  of  the  "  hot  blast "  to 
the  smelting  of  iron,  proves  that  there  is  an  enor- 
mous increase  in  the  effect,  both  on  the  solid  matter 
of  the  fuel  as  well  as  on  its  gaseous  products.  And 
the  same  result  will  necessarily  occur  with  respect 
to  all  kinds  of  furnaces  for  the  combustion  of  fuel. 
The  heated  air,  when  carefully  kept  from  imbibing 
moisture,  will  always  enter  into  comljustion  more 
idily  than  cold  air;  will  cause  a  much  greater  heat 
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in  the  furnace;  and  will  produce 
bustion  of  the  fuel.  Sir  Humpl. 
proved  '"that  the  combustion  of 
tnres  is  increased  by  rarefaction 
ascertained  by  his  experiments,  tl 
obtained  "  that  at  high  temperr^ 
concerned  in  combustion  wUl  ha^ 
preventing  that  operation,  and  likc" 
and  vapours,  which  require  a  consid 
their  formation,  will  have  less  eft'ecl 
combustion  (particularly  of  those  In' 
low  temperatures)  than  gases  at  the  ' 
of  the  atmosphere."  The  well-known 
frosty  air,  in  causing  fires  to  burn  clen- 
in  no  way  militates  against  these  - 
The  effect  produced  by  cold  air  arise- 
decreased  quantity  of  moisture  which  il 
tains,  and  not  from  the  greater  density  ■ 
for  Sir  Humphry  Davy  found  that  even  w- 
pheric  air  condensed  to  Jive  times  its  natuni' 
scarcely  any  appreciable  difference  could 
ceived  in  its  effects  on  combustion.  Nei*^ 
these  effects  be  different,  whether  the  com^ 
be  a  solid  or  a  gaseous  body ;  except  that  tb  ~ 
would  be  more  easily  lowered  in  its  tempi- 
and  reduced  below  the  temperature  requLsitt-  ■ 
accension. 

(39G.)  The  expansion  of  air  by  heat,  prc^ 
to  its  entrance  into  the  iumace,  cannot  a*  - 
reduce  the  qiiantity  of  oxygen  which  com^— 
with  the  fuel.  For  as  air  will  not  support  tv- 
bustion  until  it  be  raised  to  a  very  high  tem}>enil* 
(about  800°  or  900"),  its  expansion  must  now 
sarily  be  the  same,  whether  this  heat  be  commar 
cated  to  it,  within  or  without  the  fumaoe. 

(397.)  The  quantity  of  atmospheric 
for  the  combustion  of  coal  is  very  | 
Richardson's    analysis    of    NewcasH 
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tXII.,  Art.  386),  it  appears  that  355,376  cubic 

t  of  air,  of  ordinary  density,  would  be  required 
for  the  coaibuation  of  one  ton  of  this  coal.  If 
heated  air  be  used,  the  number  of  cubic  feet  must 
be  increased  according  as  the  density  of  the  air  is 
diminished;  so  that  sometimes  when  the  air  is 
very  highly  heated,  twice,  or  even  three  times  this 
number  of  cubic  feet  of  air  may  be  necessary  for 
the  perfect  combustion  of  the  coal. 

The  actual  quantity  of  air  which  enters  into  a 
furnace,  where  complete  combustion  takes  place, 
must  be  sufficient  to  convert  the  carbon  into  car- 
bonic acid,  and  the  hydrogen  into  water.  The 
former  requires  2*66  times,  and  the  latter  eight 
times  their  weight  of  oxygen  to  make  these  com- 
binations ;  and  the  oxygen  of  the  air  being  one- 
fifth  of  its  total  volume,  or  nearly  one-fourth  of  its 
weight,  we  can  thus  calculate  the  quantity  of 
atmospheric  air  required  for  the  combustion  of  any 
particular  kind  of  coal.* 

But  this  quantity  of  atmospheric  air,  large  as 
appears  its  amount,  will  not  be  sufficient  for  per- 
fect combustion ;  for  this  calculation  supposes  that 
the  whole  of  the  oxygen  is  abstracted  from  the  air 
in  the  process  of  combustion,  a  result  which  ex- 
perience proves  is  never  practically  produced. 
Some  interesting  e-Kperiments  on  this  subject  have 
been  made  by  Mr.  Hunt,t  on  the  furnaces  of  the 
principal  engines  in  Cornwall;  and  the  average  of 
the  analysis  of  the  air,  taken  from  the  chinmeys 
of  the  furnaces,  after  it  has  performed  its  office  in 
the  combustion  of  the  fuel,  shows  that  the  mixed 
gases    passing  oft'    tlirougli    the  chimney  contain 

*  The  oonstituenta  of  atmospheric  air  by  weight  ate  oxygen 

22-22,  and  nitrogen  77*77  ;  bnt  by  volume  the  constitnentB  are 

oxygen  21,  and  nitrogen  79,  or  very  nearly  these  proportions. 

-f   Transactums  of   the    Cornicall    Polytechnic   Society,   1B48  J 

1  Qlatgoif  Engineers'  Magadne,  vol.  iii.,  p.  93. 
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one-tenth  of  their  volume  of  free  oxygen.  The 
amount  of  carbonic  acid  was  aUo  found  to  be,  on 
on  average,  one-ninth  of  the  total  volume  of  the 
gaseous  matter  passing  through  tlie  chimney .  It 
appears,  therefore,  that  but  little  more  tlian  one- 
half  the  oxygen  of  the  air  is  abstracted  in  the 
process  of  combustion;  and  these  experiments  prove 
that  practically  it  requires  double  the  quantity  of 
tor  to  produce  complete  combustion  in  furnaces 
that  theoretical  calculations  would  give,  wlien  based 
on  the  assumption  of  the  entire  abstraction  of  the 
0X3'gen  from  the  air.* 

(3!:>8.)  Whenever  the  gases  eliminated  from  the 
combustion  of  coal  are  made  to  unite  with  the 
proper  quantity  of  oxygen,  and  the  temperature 
of  the  mixture  is  sufficiently  high,  the  smoke 
will  be  consumed,  in  whatever  part  of  the  furnace 
or  Hues  the  admixture  takes  place.  This  fact  has 
been  disputed,  but  without  any  grounds  for  so 
doing.  It  has  also  been  asserted  that  more  atmo- 
spheric air  is  required  to  produce  combustion  of 
iJie  smoke  after  it  is  mixed  with  the  carbonic  acid 
formed  in  the  furnace,  than  would  be  required 
previous  to  this  intermixture.  This  is  true,  theo- 
retically, as  the  experiments  of  Sir  Humphrj'  Davj* 
proved;  for  he  ascertained  that  carbonic  acid  gas 
has  rather  a  greater  power  of  preventing  the  firing 
of  explosive  mixtures  than  azote  would  have-f 
Perliaps,  therefore,  the  most  advantageous  place  to 
introduce  atmospheric  air  would  be  at  the  front  of 
the  furnace;  but,  in  all  probability,  the  difference 
in  this  respect  is  very  small,  as  we  have  already 

•  These  eiperimantH  mude  by  actual  worltiug  on  a  ftty 
large  scale,  show  that  312  oabio  feet  of  air,  weighing  2Si  lbs., 
is  required  for  the  oomUustion  of  each  pound  weight  of  oo«l 
of  the  quality  used  la  those  expcrimenta. 

t  PInloioplikal  Transaetwu,  Part  II..  1816;  a&d  P«b- 
Kphkal  MoQaxint,  vol.  xlvi.,  p.  449. 


COMBUSTION    OF    COAL. 


419 


Been  that,  in  ordinary  cases  of  combustion,  only 
about  one  bolf  tbe  oxygen  of  the  air  combines 
in  tbe  process  of  combustion,  arising,  no  doubt, 
ironi  the  difficulty  of  sufficiently  mixing  the  gases 
together  during  their  passage  through  the  furnace. 
But  the  longer  these  gases  are  in  contact,  and  the 
more  they  are  agitated  and  mixed  together  by 
passing  through  the  different  obstructions  of  a 
furnace,  the  more  likely  is  the  oxygen  of  the  air 
to  be  abstracted,  and  chemical  combination  to  take 
place.*  And,  contrary  to  the  opinion  that  smoke 
after  it  is-  once  formed  cannot  be  burned,  a  recent 
patent  has  been  obtained  for  burning  the  smoke  of 
furnaces  by  passing  It  over  a  second  fire,  at  a  con- 
siderable distance  from  the  principal  fire,  with  a 
fresh  supply  of  atmospheric  air;  and,  however 
distant  this  second  fire  may  be  from  the  primary 
one,  the  combustion  of  the  smoke  is  complete,  and 
an  iminense  heat  is  derived  from  these  gaseous 
irodncta,    which,    under    ordinary  circumstances, 

luld  only  produce  the  black  smoke  of  common 

naces.f 

(399.)  The  actual  quantity  of  heat  produced  by 
different  qualities  of  coal  does  not  exactly  depend 
upon  the  quantity  of  oxygen  with  which  they 
combine.  Dr.  Ure  made  experimentsj  on  the  actual 
amount  of  heat  given  out  by  several  qualities  of 
coal,  when  consumed  in  a  calorimeter  of  very  perfect 
construction;  by  which,  as  nearly  as  possible,  the 
entire  heat  from  the  coals  was  obtained ;  and, 
taking  the  number  of  pounds  of  water  raised  1°  by 


prod 
H^(3 


•  See  Parliamentary  Report  oii"Smoke  Prevention,"  1848, 
for  mncb  nseful  information  on  this  Eabject.  Also  three  Re- 
ports on  OoalB  anited  to  the  Royal  Steam  Navy,  published  by 
the  Museum  of  Practical  Geology. 

t  See  Colliers  ■•  Patent,"  Art.  45C. 

t  lieporU  of  the  Britith  ScUntine  Aiaodation,  vol.  viii.  (1839), 
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tbe  coml>uetion  of  one  pound  of  coal  as  the  standard 
of  comparison,*  the  proportions  were — 


Lambton'H  Wall's  End 
LlaDgennech  Coal 
Anthracite  Coal 


.  7,600 
.  9,000 
,  12,000 


The  cause  of  the  lees  degree  of  heat  by  the 
combustion  of  coals  containing  large  quantities  of 
hydrogen,  Dr.  Ure  considers  to  arise  from  the  great 
amount  of  heat  rendered  latent  by  tbe  formation 
of  steam  and  carburetted  hydrogen  gas  ;  though 
the  experiments  of  Dalton,  Davy,  Lavoisier,  and 
Crawford  all  proved  that  the  heat  produced  by  the 
combustion  of  hydrogen  is  greater  thau  from  any 
other  substance.f  All  experiments,  however,  agree 
in  proving  the  great  beat  which  is  derivable  from 
tbe  combustion  of  anthracite  coal.  Considerable 
difficulty  attends  its  combustion,  on  account  of  this 
kind  of  coal  always  breaking  up  in  the  furnace  into 
Bmall  pieces,  except  it  he  very  gradually  heated ;  and 
■unless  this  precaution  be  adopted,  the  draught  of 
the  fire  is  wholly  stopped.  The  breakage  of  the 
coal  arises  from  its  slow-conducting  jiower,  which 
causes  the  outside  surfaces  to  expand  more  than 
the  inner  parts,  when  exposed  to  a  high  tempera- 
ture ;  and  this  expansion  causes  the  exterior  parts 
continually  to  separate  from  tbe  interior,  until  the 
whole  substance  is  broken  up.  The  elastic!^ 
which  bitumen  gives  to  coal  prevents  this  resolt 
with  the  ordinary  qualities  of  bituminous  coal.  To 
remedy  this  inconvenience  with  anthracite  coal, 
various  plans  have  been  proposetl  for  supplying  it 
with  vapour  of  water,  in  order  to  render  it  less 
brittle.      The  advantages  of  this  operation,  how* 

*  These  numbers  represent  the  number  of  lbs.  ireight  of 
vatei  heated  1°  by  1  lb.  of  coal. 
t  Ure's  "  Dictionary  of  Ghemistiy,"  Art.  CombasUon." 
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ever,  are  very  questionable.  For,  in  America, 
■where  Large  quantities  of  anthracite  are  burned, 
experiments  have  been  made  in  order  to  ascertain 
the  cause  of  the  corrosion  which  sometimes  occurs 
to  boilera,  iron  chimneys,  and  stove  pipes,  by  the 
combustion  of  anthracite  coal :  and  from  a  report 
of  the  Franklin  Institute  of  Pennsylvania,*  it  ap- 
pears that  in  these  cases  the  ashy  deposit  has  been 
found  to  contain  muriate  and  sulphate  of  ammo- 
nia, sometimes  as  much  as  three-fourths  of  the 
deposit  consisting  of  these  salts,  Where  moisture 
is  present,  the  action  of  these  salts  must  be  much 
increased  in  activity ;  and  it  therefore  deserves 
serious  inquiry  whether  by  the  addition  of  vapour 
of  water,  all  descriptions  of  anthracite  become  in 
some  degree  corrosive,  or  whether  the  effect  is 
peculiar  to  the  coal  of  certain  districts.f  It  is 
probable,  that  the  destructive  effect  which  is  some- 
times produced  on  thin  copper  boilers  by  par- 
ticular kinds  of  fuel  may  arise  from  something  of 
this  kind.  Where  the  boiler  is  of  such  a  form 
that  the  fire  acts  particularly  on  the  sharp  edges 
which  form  the  connection  l>etween  the  bottom 
and  sides  of  the  boiler,  instances  have  repeatedly 
occurred  of  the  corrosion  being  bo  active,  that  the 
bottom  has  separated  from  the  sides  as  though  it 
had  been  cut  with  a  chisel ;  aud  in  other  cases, 
the  surface  of  the  boiler,  when  very  thin,  has  been 
so  corroded  as  to  become  full  of  holes  in  the  course 
of  a  few  months'  wear  (Art.  75). 

•   MeekanUs'  Maija^ine,  vol.  xxsvi.,  p.  439. 

t  Experiments  have  led  the  author  to  conclude  tbat  thia 
eSeot  is  not  peculiar  to  anthracite  coaJ,  bat  that  coke  when 
burned  with  moiature  produces  the  same  results.  The  cir- 
camstance  is  interesting  in  a  chemical  point  of  view  ;  and  if 
more  careful  and  extensive  experiments  show  this  opinion  to 
be  correct,  they  may  ^ve  rise  to  important  ioquiries  con- 
oeroing  the  compound  nature  of  oert&in  (so  called)  simple 
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The  inventions  which  have  been  brought  for- 
ward for  consuming  and  for  preventing  smoke 
are  very  numerous.  The  following  list  will  give  a 
tolerable  idea  of  the  plans  which  have  been  pro- 
posed, and  of  the  general  methods  by  which  the 
object  is  sought  to  be  obtained.  Those  of  which 
a  description  is  known  to  have  been  published 
have  a  reference  to  such  description  ;  but  the  list 
18  not  given  as  a  |>erfectly  accurate  account  of  all 
the  inventions  for  this  purpose,  as  no  doubt  there 
are  others  which  have  escaped  the  author's  notice.* 

(400.)  The  first  attempt  at  consuming  amokc 
ap|)ears  to  have  been  made  by  M.  Detesme,  some 
time  prior  to  1669,  by  means  of  a  stove  with  a 
downward  draught ;  but  it  was  not  at  all  suitable 
for  furnaces.     {Philosophical  Transactions,  1686.) 

(401.)  Dr.  Papin  (1695)  proposed  a  plan  for 
forcing  air  down  a  shaft  upon  the  fuel,  in  order  to 
burn  the  smoke  of  furnaces.  (Philosophical  Trans- 
actions, 1697). 

(402.)  James  Watt  (1785),  patent  for  consuming 
smoke  by  admitting  air  through  openings  in  the 
front  of  the  furnace-door,  and  also  by  gradually 
coking  the  coals.  (Repertory  of  Arts,  vol.  iv.  (1796), 
p.  226.) 

(403.)  C.  W.  Ward  (1792),  patentfor  condensing 
smoke  by  drawing  it,  by  means  of  an  air-pump  or 
bellows,  through  cold  water.  (Repertory  of  Arts, 
vol.  i.  (1794),  p.  373.) 

(404.)  W.  Thompson  (1796)  proposed  a  furnace 


•  In  the  following  descriptionB  of  tlie  various  mTentioaa. 
there  ore  sevei'al  wlucb  profess  to  accomplish  rciults  atterly 
nuattaiuable  by  the  means  proposed.  The  statenients  U6 
ofaietly  tikken  from  the  published  accoDots  of  the  vanons  pUns, 
and  severiil  of  them  are  totally  contrary  to  the  principles  of 
science.  The  descriptions  given  innst,  therefore,  not  be  tftken 
aa  the  author's  oxplanalion  of  the  operations  or  the  ciTocte, 
but  as  thoge  of  the  Beverul  inventors. 
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to  bum  Braolse,  by  letting  air  in  behind  the  bridge. 
{Repertory  of  Arts,  vol.  iv.  (1796),  p.  316.) 

(405.)  Roberton,  of  Glasgow  (1800),  patent  for 
udmission  of  heated  air  in  thin  streams  over  the 
fire-door;  for  coking  the  coals  in  front  of  the 
fiimace ;  and  also  a  hopper  to  supply  the  fuel. 
{Repertory  of  Arts,  vol.  xvi.  (1802),  p.  364.) 

(406.)  M'.  <ic  Prony  (1809  or  1810),  Report  on 
apparatus  erected  at  the  Royal  Mint,  Paris,  for 
consuming  smoke,  by  two  pipes  passing  from  the 
front  of  the  furnace-door  and  delivering  hot  air  at 
the  bridge.  He  also  states  that  this  plan  had 
previously  been  used  by  MM.  Clement  and  Desormes, 
and  others.  {Annales  de  Chimie,  and  Retrospect  of 
Science,  vol.  v.,  p.  439.) 

(407.)  Wm.  Sheffield  (1812),  patent  for  hollow  or 
split  bridge,  which  delivered  the  air  in  a  lioriconlal 
Btream  towards  the  front  of  the  furnace.  (  (rill's 
Technical  Repository,  vol.  i.,  pp.  16  and  42.) 

(408.)  J.  Wakefield  (Manchester),  a  similar 
patent  to  the  above,  and  of  subsequent  date.  (Ibid.) 

(409.)  Wm.  Johnson  (Salfon.!),  a  similar  and 
subsequent  patent.     (Ibid.) 

(410.)  Losh  (1815),  patent  for  dividing  the 
furnace  into  two  parts,  lengthways ;  the  two 
compartments  being  supplied  with  fuel  alternately, 
by  which  the  smoke  from  the  fresh  fuel  passed 
over  the  more  perfectly  ignited  fuel,  and  was  thus 
consumed. 

(411.)  Brnnton  (1816),  patent  for  revolving  grate 
and  feeding  hopper  ;  by  which  the  fuel  was  equally 
distributed  over  tlie  furnace,  and  in  small  quantities 
at  a  time,  and  thereby  preventing  all  dense  smoke. 
{Mecfianics'  Magazine,  vol.  i.,  p.  121.) 

(412.)  John  Gregson(1816),patent  for  bringing 
air  down  a  shaft,  near  the  bridge,  to  promote  com- 
bustion. Mechanical  means  were  used  to  supply  the 
fiiel  hy  a  snail  wheel,  moved  by  springs.  (  Quarterly 
I  of  Science,  vol.  iii.,  p.  348.) 
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(413.)  Josiah  Parkes  (1820),  patent  for  split 
bridge,  precisely  similar  to  Sheffield's  patent  of 
1812.     {Mechanics^  Magazine,  vol.  ii,,  p.  250.) 

(414.)  W.  Pritchard  (1820),  a  patent  for  a 
regulating  weight  to  close  gradually  the  furnace- 
door  so  as  to  vary  the  quantity  of  air  passing  into 
the  furnace.  {Repertori/ofArti,  vol.  xsxix.  (1821), 
p.  140.) 

(415.)  Mr.  Marsh  (1824)  consumed  the  smoke  of 
furnaces  by  leaving  two  openings  in  the  flue  at  the 
back  of  the  furnace.  ( Gm's  Technical  Repository, 
Toi.  vi.,  p.  213.) 

(416.)  Chapman  (1824)  described  a  plan  for 
hollow  furnace-bars,  that  conveyed  heated  air  into 
the  furnace  through  a  split  bridge  which  projected 
the  heated  air  horizontally.  Also  a  hopper  to 
supply  the  fuel.  ( Transactioiis  of  the  Society  of 
Arts,  vol.  xlii.,  p.  32 ;  and  QuaTterly  Joui-nal  of 
Science,  vol.  xis.,  p.  138.) 

(417.)  James  Nevill,  patent  for  a  fan  fixed  in 
the  flue,  which  produced  a  rapid  draught  up  the 
chimney. 

(418.)  Stanley's  patent  for  a  feeder  for  furnaces, 
which  consisted  of  a  hopper,  and  grooved  rollers 
to  crush  the  coal.  Two  revolving  pans  scattered 
the  coal  over  the  fire  in  small  quantities  at  a  time, 
and  thus  prevented  the  dense  smoke. 

(419.)  Jeftries  (1824),  patent  for  destroying) 
smoke  by  a  shower  of  water.  Two  chimneys  are 
used,  and  the  smoke  passes  up  one  and  down  the 
other,  in  which  latter  a  shower  of  water  falls  from 
a  colander,  and  carries  the  smoke  in  the  form 
of  soot  into  a  drain.  (Mechanics'  Magazine,  voL 
xxxiv.,  p.  198.) 

(420.)  Mr.  Oldham,  of  the  Bank  of  England, 
employed  a  plan  of  rocking-bars,  moved  by  a  small 
eccentric  on  a  shaft  worked  by  the  engine. 

(421.)  G.  Chapman,  of  Whitby,  plan  for  con- 
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anming  smoke  by  the  uae  of  hollow  furnace-bars, 
delivering  heated  air  at  the  bridge  of  the  furnace, 
1825.     {RepertPry  of  Arts,  vol.  xlvi.,  p.  360.) 

(422.)  J.  Gilbertaon  (1828),  patent  for  making 
the  Bides  of  the  furnace  of  hollow  plates,  through 
which  the  air  passes,  and  is  delivered  in  a  heated 
state  at  the  back  of  the  furnace.  {Repertory  of  Arts, 
vol.  vii.  (1829),  p.  65.) 

(423. )  Wm.  Taylor  (1830),  patent  for  constmiing 
Bmoke,  by  forcing  it  through  the  fire,  mixed  with 
atmospheric  air  by  means  of  an  air  pump.  Also 
for  a  mode  of  passing  the  smoke  through  red-hot 
pipes  placed  in  the  furnace  among  the  fuel,  which 
pipes  form  the  only  outlet  to  the  chimney.  {Reper- 
tory of  Arts,  vol.  i.  (1834),  p.  282.) 

(424.)  J.  C.  Douglass  (1833),  patent  for  two  or 
more  seta  of  bars.  The  smoke  from  the  first  set 
passes  downwards  below  a  bridge,  and  then  up- 
wards through  a  second  set  of  bars,  on  which 
burning  fuel  is  placed.  {Repertory  of  Arts,  vol.  v. 
(1836),  p.  346.) 

(425.)  J.  G.  Bodmer  ( 1834 ).  patent  for  traversing 
bars,  moved  by  machinery,  which  receive  the  fuel 
from  a  feeder,  and  discharge  the  ashes  at  the  further 
end  of  the  furnace. 

(426.)  Richard  Coad  (1835),  patent  for  beating 
the  air  by  passing  it  through  pijies  placed  in  the 
Sues,  and  delivering  the  air  at  the  bridge  of  the 
furnace.    {Mechanics'  Magazine,  vol,  xxvii.,  p.  375.) 

(427.)  T.  Hedley's  patent  for  purifying  smoke 
by  four  or  sLx  flues,  of  which  one  half  ascend  and 
the  other  half  descend.  A  shower  of  water  falls 
through  the  descending  flues  and  washes  the  smoke, 
depositing  the  carbon  in  the  form  of  lamp-black. 

(428.)  William  Richard,  of  Leeds,  patent  for 
gasometer  ajiplied  to  furnaces,  so  that  on  opening 
the  furnace-door  to  feed  the  fire  a  passage  is  opened 
from  the  gasometer,  containuig  condensed  air,  to  a 
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number  of  holea  at  the  back  of  the  bridge,  and  the 
supply  of  air  gradually  diminisheB  as  the  fire  buma 
clear. 

(429.)  Samuel  Hall  (1836),  patent  for  cast-iron 
pipes  placed  upright  in  the  flue  at  the  back  of 
the  furnace,  and  then  passing  towards  the  front. 
The  air  is  thus  heated  to  about  SOO",  and  the  gases 
mflame  in  front  of  the  furnace.  Mechanics'  Maga- 
zine, vol.  xxviii.,  p.  226.) 

(430.)  John  Hopkins  (1836),  patent  for  a  curved 
bridge,  liy  which  the  smoke  and  gases  are  thrown 
back  again  upon  the  burning  fuel.  ( Repertory  of 
^rfc,  vol.  vii.  (1837).  p.  252.) 

(431.)  Jacob  Perkins  (1836),  patent  for  two  seta 
of  liars  and  two  ash-pits.  The  second  ash-pit  is 
closed,  and  sujiplied  with  air  by  a  fan,  so  as  to  give 
more  air  to  that  part  of  the  furnace,  and  thus  bum 
the  smoke  from  the  fuel  on  both  sets  of  bant. 
{Repertory  of  Arts,  vol.  viii.  (1837),  p.  268.) 

(432.)  Joseph  Chanter  (1837,  &c.,)  several 
patents  for  smoke  burning,  principally  by  in- 
clined bars — double  sets  of  bars — air  supplied 
through  tubes  placed  under  the  first  set  of  bars — 
and  hot  air  supplied  at  the  bridge. 

(433.)  James  Drew,  Manchester,  patent  for  two 
sets  of  bars.  The  coal  is  coked  on  the  first  set, 
and  passed  on  to  the  second  set,  which  is  then 
raised  by  rack-work  as  near  the  boiler  as  possible. 

(434.)  Paul  Chappe,  patent  for  injecting  small 
jets  of  boiling  water  over  the  fire,  in  front  of  the 
bridge. 

(435.)  Ivison  and  Bell  (1838),  patent  for  inject- 
ing small  jets  of  steam  into  the  furnace,  and  also 
for  heating  the  air  by  passing  it  through  tubes. 
{Mechanics'  Magazine,  vol.  xxviii.,  p.  221,  and  vol. 
XXX.,  pp.,  69  and  107.) 

(436.)  Rodda's  patent  for  a  furnace  divided 
across  in  two  parte.     The  fuel  is  first  put  into  the 
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tpmpartment  nearest  the  door,  and  afterwards 
Brown  backwards  to  the  further  compartment. 
Jie  smoke  is  burned  by  passing  over  the  clear  fire 
f  the  second  compartment.  {Meckajiic^'  Magazine, 
bl.  xxxi.,  p.  386.) 

(437.)  Cheetham  and  Bayley,  patent  for  a  fen 
which  catches  the  smoke  and  forces  it,  mixed 
^with  fresh  air,  through  the  ash-pit  and  furnace- 
Hnra,  the  ash-pit  being  made  air-tight. 
^H  (438.)  Thomas  Hall  (Leeds),  patent  for  dividing 
^^Pie  furnace  in  two  compartments  lengthways, 
1  which  are  supplied  with  fuel  alternately,  and  the 
smoke  thereby  passes  over  red-hot  fuel. 

(439.)  James  Nevill  (1837),  patent  for  two  sets 
of  hollow  bars  containing  water.  A  downward 
draught  is  produced  by  the  chimney  drawing 
only  from  the  lower  set  of  bars  and  the  smoke 

tmed  by  passing  through  the  hot  fuel  in  contact 
th  the  bars.  {Repertory  of  Arts,  vol.  xii.  (1839), 
220.) 

(440.)  John  Juckes  (1838),  patent  for  heating 
the  fuel  by  passing  it  through  highly-heated  pipes 
or  oiher  surfaces,  by  which  it  is  coked  before  it 
l>asses  into  the  fire,  which  is  effected  by  mecha- 
nical means.  {Repertory  of  Arts,  vol.  xiii.  (1840), 
p.  122.) 

(441.)  J.  A.  Caldwell  (1839),  patent  for  a  rotary 
fan,  by  which  air  Is  forced  into  a  closed  ash-jiit; 
the  furnace-bars  are  jilaced  very  close  together, 
and  a  moveable  damper  is  applied  in  the  chimney, 
by  which  the  velocity  of  the  smoke  escaping  is 
^^tarded,  and  the  heated  gases  retained  longer  in 
^Ke  furnace.     {Repertory  of  Arts,  vol.  xiii.  (1840), 

Hss.) 

^■(442.)  William  Miller  (1839),  patent forrocking 
bars,  by  which  each  alternate  bar  is  roade  to  move 
lengthways  in  opposite  directions,  backwards  and 
forwards;  and  thus  preventing  clinkers,  and  con- 
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suming  the  smoke  by  allowing  a  free  passage  for 
the  air  through  the  bars.  {Repertory  of  Arts,  toL 
xvii.  (1842),  p.  143.) 

(443.)  C.  W.  Williams  (1839),  patent  for  sup- 
plying air  in  jets  to  the  furnace,  princiijally 
beliind  tlie  bridge,  by  a  diffusion  box.  The  air  ib 
supplied  cold. 

( 444. )  Andre  Kurtz  ( 1840 ),  patent  for  three  sets 
of  bars,  those  at  each  end  inclined,  and  the  middle 
set  lower  than  the  others.  Hollow  bearing  bars 
which  convey  heated  air  into  the  furnace.  (Me- 
chunics'  Magazine,  vol.  xxsiv,,  p.  3!)7). 

(445.)  Junius  Smith  (1840),  patent  for  a  double 
fen  or  blower,  which  passes  heated  air  with  the 
smoke  through  the  furnace-bars  a  second  time. 
The  heavy  gaaes  are  allowed  to  fall  by  their 
gravity  below  the  fan,  which  then  forces  them 
down,  and  filters  them  through  gravel  or  sand. 
Repertory  of  Arts,  vol.  xvi.  (1841),  p.  81.) 

(446.)  iJaron  Von  Rathen  (1840).  patent  for 
hollow  fire-bars,  resting  upon  bearers  with  steps, 
forming  two  sides  of  a  triangle,  which  allows  more 
air  to  pass  into  the  furnace.  Also,  a  coal-feeder 
placed  over  the  dead-plate,  which  supplies  fuel 
without  opening  the  door.  {Mechanics'  Magcuiiu, 
vol.  XXXV..  p.  27.) 

(44'/.)  Godson  and  Foard  (Jan.,  1841),  patent 
for  a  box  placed  below  the  furnace-bars  with  a 
moveable  bottom.  The  box  being  filled  with  fuel, 
the  bottom  is  gradually  raised  by  a  lever,  and 
supplies  fuel  from  below,  the  smoke  from  which  in 
consumed  by  passing  through  the  red-hot  fuel. 
{Repertory  of  Arts,  vol.  xviii.  (1842),  p.  129.) 

(448.)  M'.  Goupland  (Sept.,  1841),  a  patent  for 
moveable  centre  bara  which  pass  downwards  inco 
a  box,  nearly  similar  to  Godson's.  {Repertory  of 
Arts,  vol.  xviii.,  p.  207.) 

(449.)  F.  Heindruckx  (1841),  patent  for  a  fur- 
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nace  without  bars.  The  sides  of  the  furnace  are 
inclined,  and  a  narrow  openincr  is  left  at  the  bot- 
tom, and  whole  length  of  the  furnace,  through 
which  the  air  enters,  and  is  regulated  by  a  longi- 
tudinal valve.  {Mechanics'  Magazine,  vol.  xxxv., 
p.  366.) 

(450.)  J.  C.  March  (1841),  patent  for  causing 
air  to  be  blown  in  streams  on  the  upper  surface  of 
the  ftiel  without  passing  through  the  fire.  No 
furnace-bars  are  used  by  this  plan.  {Mechanics^ 
Magazine,  vol.  xxxv.,  p.  492.)  See  also  a  some- 
what similar  plan,  Art.  401. 

(451.)  Jolin  Juckes  (1841),  patent  for  a  furnace 
grating  passing  over  rollers  at  each  end  of  the 
furnace  like  an  endless  chain.  The  bars  revolve 
by  machinery,  receiving  fuel  from  a  feeder  placed 
near  the  door,  and  deliver  the  ashes  at  the  further 
end  of  the  furnace.  {Repertory  of  Arts,  vol.  xvii. 
(1842),  p.  210.) 

(452.)  J.  Prosser  (1842),  patent  for  a  furnace- 
bridge,  with  square  holes  for  the  admission  of  air, 
The  bridge  is  fixed  close  against  the  bottom  of  the 
boiler. 

(453.)  Kymer  and  Leighton  (1843,)  patent  for 
diagonal  bars  resting  in  small  longitudinal  troughs 
of  water.  A  closed  ash-pit  is  used,  and  a  fan 
forces  air  through  the  bars  and  also  over  the  fuel. 
The  plan  used  principally  for  anthracite  coal. 

(454.)  Schofield,  of  Leeds  (1842),  proposed  the 
use  of  very  narrow  furnace-bars,  quarter  of  an  inch 
wide  at  top,  and  as  thin  as  possible  at  bottom,  and 
t^vo  inches  deep.  These  bars  admit  a  larger  quan- 
tity of  air  than  usual,  and  thus  consume  the  smoke. 

(455.)  E.  Billingaley,  of  Bradford  (1842),  pro- 
posed a  focal  bridge  beyond  the  furnace-bars,  and 
a  sliding  rack  or  grating  in  fi-ont  of  the  furnace  to 
admit  air.     {Mining  Journal,  .Ian.  7,  1843.) 

"S.  H.  Collier  (1843),  patent  for  the  use 
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of  a  second  fire  at  a  distance  from  the  usual  fire. 
The  smoke,  after  passing  through  the  ordinary 
flues,  is  carried  over  this  second  fire,  and  there 
mixed  with  an  additional  quantity  of  air,  when  it 
inflames,  and  i3  carried  through  a  second  set  of 
flues  before  passing  into  the  chimney. 

(457.)  Butler's  (1845)  registered  plan  for  move- 
able bridge,  which  opens  to  regulate  supply  of  air. 
(Mechanics'  Magazine,  vol.  xlii.,  p.  50.) 

(458.)  Whiteley's  (1845)  registered  plan  for 
feeding  apparatus  and  admitting  fresh  air.  (  Mecha- 
nics' Magazine,  vol.  xlii.,  p.  147.) 

(459.)  Blackwell's  (1848)  patent  for  a  double- 
chambered  lumace  for  coking  the  fuel.  (Mechanic^ 
Magazine,  vol.  xlLx.,  p.  122.) 

(460.)  Acock'a  (1848)  patent  for  a  feeding  hop- 
per and  other  improvements.  {Mechanics^  Magazine, 
vol.  xlix.,  p.  554.) 

(461.)  Burrow's  (1848)  patent  for  a  regulating 
feed-roller  to  furnaces.  {Meckanic's  Mat/aztne, 
vol.  50,  p.  425.) 

(462.)  James  Robertson  (1848),  patent  for  per- 
forated tubes  to  convey  air  into  the  furnace. 
{Mechanics^  Maga:ine,  vol.  50,  p.  429.) 

(463.)  Grist's  (1849,)  patent  for  revolving  fur- 
nace-bars.    {Mechanics'  Magazine,  vol.  50,  p.  108.) 

(464.)  Newcombe's  (1849)  reciprocating  fur- 
nace-bars, moved  by  a  cam.  ( Mechanics'  Magasine^ 
vol.  li.,  p.  67.) 

(465.)  Samuel  Hall  (1849),  reciprocating  fur- 
nace-bars moved  by  eccentrics,  {Mechanics'  Maga- 
zine,-ioX.M..  p.  286.) 

(466.)  Elijah  Galloway  (1849),  oscillating  fur- 
nace-bars.    {Mechanics'  Magazine,  vol.  lii.,  p.  239.) 

(467. )  Joseph  Johnson  ( 1849 ),  patent  for  heated 
air  delivered  through  pipes,  at  or  near  the  bridge. 
(Mechanics'  Magazine,  vol.  lit.,  p.  318.) 

(468.)  William  Hargreavea  (1850),  patent  for 
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osciUating  bars  combined  with  a  feeding-bed  which 
forces  the  fuel  gradually  forward  in  the  furnace- 
(^Mechanics'  Magazine,  vol,  liii.,  p.  335.) 

(469.)  D.  L.  Williams  (1850),  patent  for  hollow 
furnace-bars.  {Mechanics'  Magazine,  vol.  Iv.  p.  1.) 
(470.)  T.  S.  Prideaux  (1850),  patent  for  air- 
valve  closing  gradually  to  regulate  tlie  quantity  of 
air  which  passes  into  the  furnace  through  perfora- 
tions in  the  inner  door ;  the  air  becoming  heated 
by  passing  through  them.  {Mechajiics'  Magazine, 
vol.  Iv.,  p.  18.) 

(471.)  Greorge  Anstey  (1851),  patent  for  passing 
smoke  through  a  series  of  apertures  to  keep  it  in 
contact  with  flame.  ( Mechanics'  Magazine,  vol.  Iv., 
p.  75.) 

(472.)  Johann  Stierba  (1852),  patent  for  feed- 
ing hopper,  and  air  tubes  for  deUvering  air  at  the 
bridge.     {Mecfianics'  Magazine,  vol.  Ivii.,  p.  422.) 

(473.)  Sorrell's  (1852)  patent  for  oscillating 
furnace-bars  worked  by  cams  ;  a  feeding  hopper 
worked  by  a  roller;  and  for  admitting  air  at  the 
bridge  of  furnace.  (Mechanics'  Magazine,  vol.  lix., 
p.  26.) 

(474.)  Green's  (1853)  patent  for  double  fires,  to 
be  fed  alternately,  together  with  peculiar  system  of 
fluea.     (Mechanics'  Magazine,  vol.  Ixi.,  p.  2.) 

(475.)  Jeurrard  (1853)  hollow  perforated  fire- 
brick sides,  &c.,  for  admission  of  air  to  furnace. 
(Repertory  of  Arts,  July,  1854.) 

(476.)  Gilbertson  (1854),  a  perforated  iron  tube 
over  the  fuel  to  deliver  air  to  furnace.  (Repertory 
of  Arts,  March,  1855.) 

(477.)  Simpson  ( 1854 ),  stops  or  inverted  bridges 
in  the  furnace  to  deflect  air  on  to  the  fuel.  (Re- 
pertory of  Arts,  April,  1855.) 

(478.)  Yates  (1854),  mechanical  feeding  appa- 
ratus for  furnaces.  (Repertory  of  Arts,  March, 
1855.) 
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(479.)  Taylor  (1854),  furnace  supplied  with 
air  above  the  fuel  and  not  through  fumace-bara. 
{Repertory  of  Arts,  September,  1855.) 

(480.)  Manley's  (1854),  method  of  descending 
stream  of  water,  in  the  shaft  or  upright  flue. 
(Mechanics'  Magasine,  vol.  Ixi.,  p.  205.) 

(481.)  W.   Woodcock  (1854),   patent   for    air- 
tubes  at  sides  of  furnace,  above  the  furnace-bars, 
delivering  heated  air  beyond  the  bridge  of  furnace  ■ 
in  iets.     (Mechanics'  Magasine,  vol.  Isi.,  p.  410.) 

"(482.)  Parker's  (1854),  patent  for  a  loose  or 
moveable  box  or  Ijridge,  pierced  with  holes,  and 
placed  in  front  of  the  ordinary  bridge,  on  the  bars; 
by  which  heated  air  is  deUvered  to  the  gases  as 
they  pass  over  the  furnace-bridge.  {Mechanics^ 
Magazine,  vol.  Ixi.,  p.  445.) 

(483.)  Galloway'a(1854),  patent forpipesplaced 
below  the  furnace-bars,  and  delivering  air  into  & 
hollow  or  double  bridge.  (Meclianics'  Magojine, 
vol.  Ixi.,  p.  458.) 

(484.)  It  appears  unnecessary  to  describe  more 
of  these  inventious  for  burning  smoke.  The  recent 
plans  have  been  far  less  numerous  than  they  were 
a  few  years  ago,  partly  because  almost  every  con- 
ceivable form  has  been  patented  repeatedly  before, 
and  also  because  since  the  passing  of  tlie  Act  for 
the  consumption  of  smoke  in  large  towns,  people 
appear  to  have  become  aware  that  there  are  many 
ways  of  accomplishing  this  object,  and  that  no 
patent  process  whatever  is  necessary  for  the  pur- 
pose. The  process  of  smoke-buming  is  indeed 
extremely  simple  in  itself,  and,  with  the  exception 
of  some  very  few  of  the  preceding  inventions, 
which  are  clearly  founded  on  a  misconception  of  the 
chemistry  of  combustion,  they  all  attempt  to  effect 
the  same  object ;  namely,  to  bring  a  larger  quantity 
of  atmospheric  air  into  contact  with  the  fuel,  or 
with  the  products  of  the  first  combustion.     It  will 
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be  remarked  that  all  the  later  plans,  without  ex- 
ceptioD,  are  mere  modifications  of  the  very  earliest 
inventions;  and  that  the  first  six  or  eight  plans 
described  in  this  list  contain  the  gist  of  the  many 
subsequent  inventions  for  this  purpose.  In  fact, 
it  will  be  perceived  that  the  same  identical  plana 
have  been  again  and  again  patented  by  diiferent 
individuals:  and  it  is  extremely  doubtful  whether 
-  any  patent  of  the  present  day  is  really  valid  in  law, 
and  whether  it  cannot  be  shown  to  nave  been  long 
previously  known  to  the  world,  and  free  for  general 

^B' In  most  of  these  plans  the  design  of  bringing 
^^flarger  quantity  of  air  into  the  fimiace  is  obvious. 
But  in  some  few  this  principle  is  not  so  plainly 
developed.  Among  these  latter  may  be  noticed 
the  inventions  in  which  a  jet  of  steam  is  thrown 
into  the  furaace.  and  two  other  inventions  in 
which  a  shower  of  water  fells  down  the  flue  with 
considerable  velocity.  In  all  these  cases  the  great 
velocity  of  tlic  steam  and  the  water  give  an  addi- 
tional impetus  to  the  motion  of  the  gaseous  bodies 
within  their  immediate  sphere;  and  these  again 
communicate  their  velocity  to  those  which  are  more 
distant,  and  thus  draw  into  the  furnace  an  addi- 
tional quantity  of  air.  There  are  practical  diffi- 
culties, however,  attending  tiie  use  of  a  shower  of 
water  used  in  this  way,  which  must  efiectually 
prevent  these  inventions  coming  into  very  general 
use. 

(485.)  A  second  class  of  inventions  are  those  in 
which  the  fuel  is  gradually  coked,  before  it  enters 
into  combustion.  When  coal  is  suddenly  es[)Osed 
to  a  high  temperature,  a  very  large  quantity 
of  gaseous  matter  is  given  off,  which  quantity 
gradually  diminishes  as  the  coal  becomes  more 
nearly  converted  into  coke.  By  slowly  heating  the 
coal,  a  more  equable  evolution  of  gas  is  produced. 
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This  result  is  very  etfectnally  accompUahed  by 
using  a  large  dead  or  dumb  plate  in  front  of  the 
furnace.  The  coals  being  placed  on  this  plate  are 
gradually  warmed,  and  at  last  arrive  at  a  state  of 
incandescence,  when  all  the  gas  has  been  driven  oft'; 
by  which  gradual  distUlation  of  the  volatile  gases, 
the  necessary  quantity  of  air  to  produce  combustion 
is  more  easily  obtained,  as  the  demand  for  it  thus 
continues  nearly  uniform  througliout  the  whole  of 
the  process  of  combustion,  instead  of  the  very  large 
additional  quantity  required  when  a  fresh  charge  of 
coal  is  thrown  on  the  tire  in  the  ordinary  method 
of  supplying  fuel.  The  use  of  a  large  dead  plate 
in  this  way  is  quite  sufficient  of  itself^  without  any 
additional  contrivance,  to  consume  all  the  smoke 
of  a  furnace,  provided  the  fire  on  the  bars  be  kept 
thin,  so  as  to  allow  a  more  ready  entrance  for  the 
air  through  the  fuel.  Considerable  attention  is, 
however,  required  on  the  part  of  the  fireman,  that 
the  fuel  on  the  dead  plate  be  gradually  pushed 
forward  into  the  furnace  as  it  becomes  heated. 
When  the  fuel  is  supjilicd  through  a  hopper,  placed 
in  front  of  the  furnace,  the  necessity  for  opening 
the  furnace  door  becomes  much  less  fretjuent,  and 
the  unnecessary  cooling  of  the  furnace  is  thus  pre- 
vented. Where  no  air  is  admitted  except  through 
the  furnace  bars,  there  will,  however,  always  ae 
a  considerable  quantity  of  carbonic  oxide  formed 
daring  the  combustion  ;  and  although,  under  these 
circumstances,  there  is  no  smoke,  the  greatest 
efiect  of  the  fuel  is  not,  by  this  means,  produced. 
A  moderate  quantity  of  air  ought  to  be  introduced 
into  the  furnace,  to  mix  with  the  gases  distilled 
from  the  coal,  and  also  to  convert  the  carbonic 
(ucide  formed  by  the  upper  strata  of  coal  into  carbonic 
,acid.  This  air  ought  to  be  heated  before  it  enters 
;Mie  funiace,  as  it  thus  more  readily  inflames,  mixes 
more  easily  with  the  heated  gases  of  the  furnace, 
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and  preventB  mjiiry  by  the  unequal  action  of  cold 
currents  impinging  against  the  bottom  of  the  boiler. 
It  perhaps  matters  but  little  in  what  part  of  the 
furnace  this  air  be  introduced ;  but  the  more 
it  is  diffused  the  better,  as  the  heat  ia  then  less 
likely  to  become  too  intense  on  one  particular 
part.  Various  simple  methods  of  introducing 
heated  air  may  be  used ;  and  the  plan  of  using 
two  pipes  in  the  manner  originally  employed 
at  the  Royal  Mint  at  Paris  ( Art.  406 ),  as  long  ago 
as  the  year  1809,  answers  the  purjiose  extremely 
""",.  The  •pertures  to  the  pipes  should  be  fur- 
led  with  covers  which  can  be  partially  closed; 
by  the  experiments  of  Mr.  Houldsworth,*  it 
appears  that  an  aperture  for  the  air,  varying  from 
1^  to  three  square  inches,  for  each  square  foot  of 
the  area  of  the  furnace-bars,  will  be  sufficient  for 
this  purpose,  the  size  of  the  pipes  varying  with 
the  nature  and  quality  of  the  coals. 

(486.)  The  gradual  coking  of  the  fuel  is  likewise 
effected  by  such  plans  aa  those  of  Drew,  Godson, 
and  Coupland.  Godson's  plan  effectually  cokes  the 
coal,  and  is  perfectly  compatible  with  any  method 
of  introducing  additional  air  above  the  fuel  to  con- 
sume the  carbonic  oxide.  The  plans  of  Loah, 
Kodda,  Thomas  Hall,  Collier,  and  some  others  in 
"  ich  the  flame  from  one  fire  passes  over  a  second 
of  clear  bright  burning  fuel,  is  another  mode  of 
implishing  the  same  object,  but  apparently  less 
umple  in  its  operation ;  and  the  mechanical  means 
of  continually  feeding  the  fire,  used  by  Stanley  and 
by  Brunton,  produce  nearly  the  same  effect  as  the 
method  of  coking  the  coals  would  do  ;  as  by  these 
means  the  evolution  of  the  gases  from  the  coal  is 
equalised  throughout  the  combustion,  and  the  extra* 
ordinary  demand  for  air,  when   fresh  charges  of 

*  "  Report  of  the  Select  Committee  of  the  House  of  Com- 
moos  on  the  Frevention  of  Smoke,"  p.  106. 
~  FF  2 
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coal  are  supplied  in  the  common  mode  of  firing,  is 
thereby  avoided. 

(487.)  The  method  of  supplying  heated  air 
through  a  split  bridge  has  been  repeatedly  patented. 
Mr.  Sheffield,  in  iyi2,  was  undoubtedly  the  first 
to  propose  this  plan,  and  his  method  of  making  the 
aperture  deliver  the  heated  air  horizontally  into 
the  furnace,  is  perfectly  correct  in  principle.  The 
defect  of  these  plans  has  frequenly  been  that  too 
large  a  quantity  of  air  has  thus  been  brought  into 
the  furnace,  and  the  effect  has  been  to  lower  its 
temperature.  Mr.  C.  W.  Williams'  ploft  of  diffusion 
would  be  very  good,  if  it  was  used  with  hot  air. 
instead  of  cold  air,  which  latter  is  specially  directed 
by  the  patent  to  be  used ;  but  by  the  foi-mer  method, 
it  would  approach  very  near  to  the  prior  patent  of 
Mr.  Samuel  Hall,  differing  only  in  being  more 
simple  and  inexpensive.  It  sliould  not,  however, 
be  overlooked,  that  it  is  not  so  easy  to  heat  large 
quantities  of  atmospheric  air  to  a  high  temperature 
as  soms  persons  imagine.  When  hot  air  is  applied 
to  blast  furnaces,*  it  is  found  that  to  heat  the  air 
to  about  600"  Fahrenheit,  it  is  necessary  for  it  to 
traverse  a  surface  of  cast-iron  pipes  at  nearly  a  red 
heat,  for  a  distn,nce  of  about  6^  feet.  The  mere 
instantaneous  passing  of  air  through  a  heated  me- 
tallic perforated  plate,  would  therefore  add  but  little 
to  its  temperature,  unless  it  were  also  made  to  travel 
through  heated  pijies  for  some  considerable  distance. 

(488.)  Probably  one  of  the  most  effectual 
methods  of  burning  smoke  is  the  plan  of  Mr. 
March  (Art  450),  by  blowing  air  downward.s  upon 
the  fuel  by  a  fan,  and  dispensing  with  the  use  of 
furnace-bars.  There  can  be  no  question  that  b 
most  perfect  combustion  of  the  fuel  may  be  tbUB 
produced ;    but   it  is  very  doubtful  whether  the 

*  Dafrenoy's  Beporl  on  Hot  Air  in  Iron  Works  of  EogUnd. 
London,  1B86.    Page  77. 
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.tional  trouble  which  this  method  would  cause, 
the  necessity  for  a  mechanical  power  to  pro- 
duce the  requisite  blast  of  air,  will  not  prevent  its 
adoption  to  any  considerable  extent.  A  similar 
plan  to  this  is  stated  to  have  been  tried  experi- 
mentally in  some  of  the  furnaces  used  in  the 
manufacture  of  iron  ;  and  as  the  whole  of  the 
carbonic  oxide  raust,  by  this  plan,  be  consumed, 
there  will  necessarily  be  a  considerable  saving 
of  fuel.* 

(489.)  It  has  been  objected  to  the  various  plans 
for  the  admission  of  air  to  the  gases  above  the  fuel 
of  the  furnace,  that  the  air,  when  thus  admitted, 
prevents  to  a  certain  extent  the  admission  of  the  air 
through  the  furnace-bars,  and  thus  reduces  the  rate 
of  the  combustion  of  the  fuel  on  the  furnace-bars. 

I'hie  to  a  certain  extent  is  true,  but  it  can  be  no 
■gument  against  the  plan ;  for  it  can  only  be  when 
le  air  is  improperly  admitted,  and  escapes  through 
he  flues  in  an  uucombined  state,  that  the  total 
combustion  of  the  furnace  can  be  reduced  by  the 
admission  of  air  above  the  fuel.  And  in  general  it 
follow  that  the  heat  of  the  furnace  being  in- 
lased  by  the  perfect  combustion  of  the  gases  on 
le  top  of  the  fuel,  the  draught  of  the  furnace  will 
increased,  and  therefore  there  will  be  a  greater 
tendency  to  the  influx  of  air  through  the  fiunace- 
bara  as  well  as  through  the  other  apertures.  The  use 
of  heated  air,  however,  in  preference  to  cold  air,  is 
fer  more  likely  to  prevent  any  loss  l>y  the  passing 
of  air  in  an  uncombined  state  through  the  flues. 
(When  cold  air  is  used,  this  result  is  not  unlikely  to 

^  *  BomQ  mtereatiog  Tese&rcbes  by  M.  Ebelmoa,  on  the  appU- 
^tioB  of  the  carbouio  oxide  from  blast  furnaces,  to  uaefol 
BB,  have  ahown  that  the  loss  of  effect  by  Uie  esoape  of 
oarbonio  oxide  amountB  to    62  per   cent,  of  tbe  total 
'uel  consumed  in  blast  furnaces, — Rep^tory  of 
ii.  (W42),  pp.  116—313. 
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occur;  for  gases,  at  temperatures  differing  conaider- 
ably  from  each  other,  mix  together  very  slowly:  and 
therefore  it  may  often  happen  that  by  introducing 
cold  air  into  a  furnace,  the  mixture  of  the  air  with 
the  gases  will  not  take  place  until  they  have  passed 
into  the  flues,  and  the  temperature  become  too 
much  reduced  to  cause  their  acconsion. 

(490.)  The  practical  result  of  these  remarks  is, 
that  there  are  many  effectual  contrivances  for  the 
combustion  of  smoke,  combining  the  advantage  of 
great  economy  of  fuel.  For  this  puq>ose,  the 
more  simple  the  apparatus  the  better ;  and  with  a 
very  slight  degree  of  attention  on  the  part  of  the 
firemen,  several  of  the  plans  which  have  been 
described  would  be  certain  to  succeed  in  abating 
the  nuisance  of  smoke  entirely,  and  with  con- 
siderable economy  in  the  consumption  of  fuel- 
The  saving  in  fuel  would  necessarily  be  veiy 
considerable.  In  very  few  furnaces  the  saving 
■would  be  not  less  than  twenty-five  per  cent.;  and 
in  many  whioh  now  produce  large  volumes  of  emoke 
the  saving  would  be  considerably  greater.  A 
large  amount  of  the  present  evil  of  smoke  arises 
fi-om  most  furnaces  being  overworked,  in  con- 
setjuence  of  their  being  too  small  for  the  duty 
required  from  them.  But,  vnt\i  a  moderate  degree 
of  attention  on  the  part  of  the  firemen,  the  pre- 
sent furnaces,  with  a  very  slight  alteration,  could 
be  made  effectually  to  bum  their  smoke ;  and  the 
must  effectual  way  would  be  to  combine  the  jtlan  of 
delivering  air  through  numerous  small  openingB 
made  in  the  inner  plate  of  the  furuace-door,  ( sup- 
plied by  one  or  two  large  openings  in  the  outer 
■door  covered  with  a  shde);  and  also  by  allowing  a 
further  quantity  of  air  to  pass  to  the  bridge 
through  pipes  laid  along  the  furnace-bed.  For 
small  furnaces  eitber  of  these  plans  singly  will 
suffice;  but  for  larger  furnaces  the  best  effect  irill  re- 
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sit  from  the  two  modes  conjointly.  Means  must 
B  taken  to  stop  off  a  portion  of  the  air  at  certain 
stages  of  the  combustion,  or  there  will  be  more  air 
admitted  than  will  be  desirable.  Both  these  plans 
have  long  been  in  use,  many  years  prior  to  the  date 
of  any  existang  patents;  and  the  necessary  altera- 
tions to  adapt  them  to  ordinary  furnaces  need  not 
involve  anything  beyond  a  very  moderate  expense. 
(491.)  Before  concluding  these  remarks,  a  few 
words  on  artificial  fuels  may  not  be  amiss.  A  great 
number  of  jwtenta  have  been  obtained  for  forming 
artificial  fuel,  the  principle  of  them  all  being  to 
combine  the  email  and  refuse  coal  into  a  solid  body. 
Aa  early  as  1799,  a  patent  was  obtained  by  M. 
Chabannes  for  this  purpose,  and  it  is  difficult  to 
discover  in  what  this  patent  differs  from  the  various 
^^bsequent  and  recent  ones  for  tlie  same  object. 
^Khe  principal  ingredients  used  in  alt  these  com- 
^BDBitions  are  coal-dust,  coke,  peat,  bark,  saw-diiat, 
^Tan,  clay,  sand,  pitch,  coal-tar,  alum,  nitre,  vegetable 
matter,  and  animal  excrement.  Different  persons 
combine  these  substances  in  different  jiroportions, 
and  some  omit  altogetlier  certain  of  these  ingre- 
dients. A  very  powerful  and  efficient  fuel  can  be 
composed  by  mixtures  of  these  substances  ;  and 
it  apiwars  by  some  experiments  reported  by  Dr. 
Buckland  to  the  British  Scientific  Association,* 
that  when  tried  against  Welsh  coal,  Pontop  coeJ, 
and  Wylam  Main  coal,  the  artificial  compound  was 
found  to  be  very  considerably  more  powerful  in 
heating  effect  than  either  of  these  coals.  These 
compound  fuels,  however,  are  subject  to  one  incon- 
venience when  used  by  themselves  in  furnaces;  that 
the  coal  tar  is  very  liable  to  distil  from  the  fuel 
without  being  consumed,  in  which  case  it  clogs  up 
the  furnace-bars,  and  |)artially  stO|)B  the  due  admis- 
eion  of  air.  When  it  is  used  with  a  certain  jiropor- 
)rt  of  UriiUh  Seieiitifie  AsMciation,  vol.  vii.  (1838),  p.  85, 
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tion  of  ordinary  coal,  this  inconyenience  is  less 
likely  to  occur,  and  probably  with  moderate  care  it 
may  be  avoided.  And  these  methods  of  combining 
refuse  coal,  which  must  otherwise  be  nearly  yalue- 
less,  may  in  many  places  be  most  efficienUy  aopUed 
to  obtainmg  a  powerful  and  usefiil  fuel  at  a  moderate 
expense. 
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•,"  The  pressures  above  three  atmospherea  in  the  abov 

Table  are  deduced  from  tbe  experimentB  of  MM-  Dnlong  and                   | 

Aiago.  TheiroalonlationBeitendonlyaafaraBSOatmosphereB;            M 

^^ipm  thence  tbe  preesures  are  now  calculated  to  850  atmoc-         ^^H 

^■beres  by  their  formula,  Ttz. :—                i  =  '^^_i                       ^^H 

■                                                                         -7163                      ^H 

^■bere  t  represents  tbe  pressure  in  atmospheres,  and  ( the  tern-         ^^H 
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perature  alove  100°  of  Centigrade.  In  thiB  eqaation  each  100' 
of  Centigrade  is  represented  by  unity. 

Id  reducing  these  temperatures  &oin  Centigrade  to  Fahren- 
heit's scale,  where  the  fractions  amount  to  -5,  they  have  been 
taken  as  the  next  degree  above,  and  all  fractions  belov  -6  have 
been  rejected. 

More  than  twenty  different  formulie  for  this  purpose  are 
given  in  the  F.ncyelopadia  Britaniuca,  art.  Steam. 

Table   II. 
Table  of  the  quantity  of  Vapour  contained  in  Atmospheric  Air, 

at  different  Temperatures,  when  saturated. 
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36 
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92 
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68 
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96 
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70 
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98 
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44 

8-45 

72 

8-27 
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IBOO 

46 

8-69 

74 
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— 

— 

*,"  The  above  Table  is  aompated  from  Dr.  Dalton's  exp^- 

ments  on  the  Elastic  Force  of  Vapour. 

The  weight  of  a  cubic  foot  of  eteam,  at  the  pressure  of 
SOinchesof  mercury,  is  257-119  grains;  therefore  at  any  othor 
pressure  p,  the  weight  will  be  --^^—'=-1;.  But  as  vapours  e>- 
pand  ,ir,  for  each  degree  of  Fahrenheit,  this  equation  mast  be 
corrected  for  the  difference  in  the  expansion  of  the  vapour  at 
the  temperature  of  212",  and  the  temperature  p,  in  Uie  pre- 
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ceding  eqaation.    Therefore,  the  Tolume  of  the  vapoot  at  the 

temperature  p,  will  be  1  +  j^t:;   the  volume  at  212°,  being 

212 
1  +  Tgy  =  1-441,  when  the  volume  is  asBnmed  to  be  omty  at 

The  weight  of  a  cubic  foot  of  vapour  will  therefore  be 
1-441  X  X 


ible  of  the  Expansion  of  Air  and  other  Gases  hy  Heat,  when 
perfectly  free  from  Vapour. 


Tempera  tore, 

I    Pahrenheit'H 

Scale. 


1000 

1007 
1021 
1032 
104S 
1065 
1066 
1077 
1089 
1099 
1110 
1121 
1182 
1142 


100° 
110 
120 
180 
140 

leo 


1152 
1178 
1194 
1215 
1235 
1265 
1275 
1296 
1S16 
1834 
1851 
1372 
1370 


•,•  The  above  numbers  are  obtained  from  Dr.  Dtilton's 
esperimenta,  which  give  an  average  of  ^Jj  part,  or  '00207  for 
the  espanBion  by  each  degree  of  Fahrenheit.  Gay  Lusaae 
foandit  to  be  einal  to  ,1^  part,  or  -002063  for  each  degree  of 
Fahrenheit ;  and  that  the  same  law  extends  to  coodenaible 
vapours  wheu  excluded  from  contact  of  the  hquids  which 
produce  them.  Professor  Daniell  {'.'hfjukal PhUoaopliy,  p.  90) 
makes  the  expansion  of  air  equal  to  -373  for  180'  of  Fahren- 
heit: and  in  the  Parliamentary  Report  "  On  Warming  and 
Ventilating  DweUinga,  1857,"  the  expansion  of  air  by  180° 
f  ahreuheit  is  stated  to  be  -366  of  its  volume. 
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^H                                                       Table  IV. 

■ 

^H               Table  of  the  Speoi&o  Oravity  and 

Expansion  of  Water  at   1 

different  Temperatures.                                 H 
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154 
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61 
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■02340 
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64 
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67 
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70 
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73 
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■9731 
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76 

■0027S 
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79 
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■9967 

25194.5 

175 
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82 
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85 
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■03234 
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'03939 
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243-151 
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■00927 
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'04019 
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•-•  In  the  above  Table  the  espansi 

ons  are  oaloolated  by  Dr.  1 

^H                Young's  formula,  22  /■  (1— -002/) 

in  10  millionths.     The  ■ 

^^B               diminution  of  specilio  gravity  is  calo 

dated  by  this  equation :  ■ 

^H                 -0000022/'— -00000000472/'.      In 

joth  eqaations,  /  repn>-  ■ 

^H                 Bents  the  number  of  degrees  above  or 

below  39°  of  Fahrenheit.  ■ 

^^H                 The  absolute  weight  of  a  cubic  inch  o 

f  water,  at  any  tempers-  H 

^H               tore  may  be  found  by  multiplying  th 

B  weight  of  a  oubio  inch  ^ 

^H               at  39%  by  the  specific  gravity  at  tl 
^^1                Water  is  829  times  the  weight  of  air 

:  and  I 

ud  teiniicratore.  ■ 

8-2  oubie  feet  of  ■ 

^^M              air  weighs  1  lb.     There  are  487-5  g 

Tains  in  an  ooom,  and  fl 

^^V               7.000  graina  In  a  pound. 

^^ 
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Table  V. 

bble  of  the  Specific  Heat,  Specific  Gravity,  and  EspansioD  by 

Heat  of  different  Bodies. 

Barometer  30  lochea— Thermimietor  CO". 
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'Aqueous  vaponr... 

oxide  of 

Carbonic  acid 


■9722 
1-5277 
1-6277 

•9722 

■06S14 
■9722    ! 
Mill    ; 


29'63 
46-591! 
4fifi96 

29-65 


I    571-7 

.    45277 
[    485-87 


■1860 
■0912 
■0514 

■0927 


r990 

6-115  ; 
7-291  . 
7191 


■00172244  = 
-D0146G06  ^ 
■00061166- 
■00087572  = 
■OOllUlI  = 
-00122045  = 


■00099180  =tA. 


-^,1, 


*  Air  is  taken  as  the  standard  for  the  specific  gravitj  of  the  gaaet, 
■wat«  as  the  atandard  for  the  solida. 
l^ie  (pcoiflc  heat  of  gases  bns  been  recently  inveatigated  by  Dr. 
A[:JDtm  and  a  Botnewhat  different  result  tibiuned.    (See  Landcn  ind 
EdinhHTgh  PhiloiopMcai  Ma^arint.  Vol.  xii.  102;  xill.  261,  339.) 

The  eipuisioa  in  Tolume  may  be  obtained  mlthont  sensible  error, 
by  tiebiing  the  number  which  expresses  the  increase  in  length,  where 
'ha  fraction  of  its  length  is  small. 
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Table  VI. 


TABLE   OF   THE  EFFECTS   OF  HBAT. 

Fahrenheit's 
Scale. 

Soft  iron  melts  (Olement  and  Desormes).        •        •  8945"* 

Maximum  temperature  by  Darnell's  Pyrometer       •  8280 

Oast  iron  melts 2786 

Gold  melts 2016 

Oopper  melts 1996 

Silver  melts 1878 

Bronze  melts  (copper  15  parts,  tin  1  part)       •        •  1750 

Brass  melts  (copper  8  parts,  zinc  1  part)        •        •  1690 

II  (copper  2  parts,  zinc  2  parts)       .        •  1672 

Diamond  bums 1552 

Bronze  melts  Tcopper  7  parts,  tin  1  part)        .        .  1584 

„  (copper  8  parts,  tin  1  part)        •        .  1446 

Enamel  colours  burnt 1892 

Iron  red-hot  in  daylight 1272 

„  in  the  twilight 884 


richton) 


„  in  the  dark 

Oharcoal  bums       ••••,.. 

Heat  of  a  common  fire 

Zinc  melts  (Davy  680")  (Daniell)  .  .  .  . 
Mercury  boils  (Black  600^^)  (Crichton  OSS'*)  (Dalton 
660°)  Petit  and  Dulong  656°)  (Irving  672°) 
Secondat  644°) 
Linseed  oil  boils  .... 
Lowest  ignition  of  iron  in  the  dark. 
Lead  melts  (Guyton  and  Irving  594*)  (C 
Steel  becomes  dark  blue,  verging  on  black 

M  a  full  blue 

Sulphur  bums 
Steel  becomes  blue 

purple 
brown,  with  purple  spots 

„  brown       • 

Bismuth  melts 
Steel  becomes  a  full  yellow 

,,  a  pale  straw  colour 

Tin  melts       .... 
Steel  becomes  a  very  faint  yellow 
Tin  8  +  lead  2  +  bismuth  1,  melts 
Tin  and  bismuth,  equal  parts,  melt 
Sulphur  melts        .... 
Bismuth  5  +  tin  8  +  lead  2,  melts 


II 


II 


800 
802 
790 
778 


660 
640 
685 
612 
600 
560 
560 
550 
580 
510 
490 
476 
470 
450 
442 
480 
884 
288 
218 
212* 
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Table  of  the  Effects  of  Heat  (continued). 


Water  boils  (barometer  80  inches) 

Wax  melts 

Spermaceti  melts 

Tallow  melts  (Nicholson  127°) 

Acetic  acid  congeals, 

Olive  oil  congeals 

Water  freezes  . 

Milk  freezes 

Vinegar  freezes 

Sea- water  freezes 

Strong  wine  freezes 

Oil  of  turpentine  freezes 

Mercnry  congeals    . 

Solphnric  sather  congeals 

Natural  temperature  of  Hudson's  Bay 

Greatest  artificial  cold 


Fahrenheit's 
Scale. 

212 

149 

112 

92 

60 

86 

82 

80 

28 

28 

20 

14 

—89 

—47 

—61 

—91 


See  also  many  other  effects  of  heat  in  Chapter  XTT,  Part  1. 


Table  VII. 

Table  of  the  Quantity  of  Water  contained  in  100  Feet  of 

Pipe,  of  different  Diameters. 


Diameter 

Contents  of  100  Feet 

of  Pipe. 

in  length. 

Inches. 

GaUons. 

i 

•84 

1 

8-89 

n 

7-64 

2 

18-68 

2i 

21-22 

8 

80*66 

4 

64-88 

6 

84-90 

6 

122-26 
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Table  YJU. 

Table  of  the  Strength,  or  Oohesiye  Force,  of  different  Sub- 
stances.   By  Mr.  Gxobob  Buinix. 

Bars  of  six  inches  long  and  a  quarter  of  an  inch  square  will 
break  with  the  following  weight  suspended  lengthways : — 

lbs.  per  square  ineh. 

Cast  Iron  (horizontal)       .        .    1166  equal  to    18,656  lbs. 
Ditto     (vertical)  .        .        .    1218        „  19,488  „ 

Cast  Steel  (tilted)  .  .  .  8891  „  184,256  ,, 
BUstered  Steel  (hammered)  .  8822  „  188,152  „ 
Shear  Steel  (ditto)  .    7977        „        127,682  „ 

Swedish  Iron  ....  4504  „  .  72,064  „ 
EngUshlron    ....     8492        „  55,872  „ 

Hard  Gun-metal      .        .        .    2278        „  86,868  „ 

Wrought  Copper  (hammered)  .    2112        „  88,792 

Cast  Copper    .        .        .        ,     1192        „  19,072 

Fine  Yellow  Brass    .        .        .    1128        „  17,968 

Cast  Tin         ..        .        .        .296        „  4,786 

Oast  Lead        ....      114        „  1,824 

Per  Quetelet. 

Iron  Wire,  *0769  inches  diameter,  bears      .    482  to  615  lbs. 
Copper  Wire  ditto  .        .        .    802  to  886  „ 

Per  Committee  of  the  Franklin  Institute.* 
Iron  Wire.  1-drd  inch  diameter,  bears  81,887  lbs.  per  square 

inch,  and  14  per  cent,  less  when  annealed. 
Best  Cable  Iron       .        .        .     59,105  lbs.  per  square  inch. 
Ditto  ditto  (hammer  hardened)    71,000  lbs. 
Eussian  Iron  ....     76,069  lbs. 


99 
if 
9» 

»9 


99 


Table  of  the  Belative  Cohesive  Strength  of  Metals. 

By  SlOKENQEB. 

Gold 150,955 

Silver 190,771 

Platinum 262,861 

Copper 304,696 

Soft  Iron 862,927 

Hard  Iron 559,880 

By  MUSCHSNBROEK. 

Copper  6  4-  Tin  1    .        .        .        .  41,000 

Swedish  Copper  6  +  Malacca  Tin  1.  64,000 

Brass 51,000 

Block  Tin  3  4-  Lead  1      .        .        .  10,200 

Ditto      8  +  Zinc  1       .         .         .  10,000 

Tin  4  +  Eegulus  of  Antimony  1       .  12,000 
Lead  8  +  Zinc  1      .        .        •        .        4,500 

Tin  4  4-  Lead  1  +  Zinc  1        .        .  18,000 

*  For  strength  of  iron,  &c.,  at  varioos  temperatures,  see  Chap.  Xn.,  Part  1. 
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Table  IX. 

The  following  Table  of  the  relative  values  of  various  sorts 
of  fuel  is  compiled  from  Marcus  Bull's  Experiments  on  Fuel. 
In  these  experiments  aU  the  smoke  was  consumed. 


Name. 


Hickory  Charcoal 

CannelGoal  

Liverpool  Goal  ... 
Newcastle  Goal ... 

Scotch  Goal    

Karthaus  Goal  ... 
Richmond  Goal ... 
Stony  Greek  Goal 
Maple  Gharcoal... 

Oak  Gharcoal 

Pine  Gharcoal  ... 
Goke   


Specific 
Gravity. 


•626 
1-240 
1-881 


1 
1 
1 

1 
1 


204 
140 
268 
•246 
'896 
•481 
•401 
-285 
•657 


Weight 

per  Bushel. 

lbs. 


82-89 

66-25 

70-04 

68-85 

59-99 

66-46 

65-56 

78-46 

22-68 

21-10 

150 

29-81 


Belatiye 

Heating 

Value. 


166 
280 
215 
198 
191 
208 
205 
248 
114 
116 
75 
126 


The  bushel  measure  in  this  Table  is  much  smaller  than  the 
EngUsh  Imperial  bushel. 


G  G 
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Table  X. 

Velocity  of  ohimney  draught  at  difibrent  temperatures,  the 
external  air  being  at  82''  Fahrenheit,  From  Peolet's  '*  Tndte 
de  la  Ohaleur/*  p.  79. 


Tempera- 
ture of 
Warm  Air, 
Fahrenheit 


Eelative 
Velocity. 

Tempera- 
ture of 
Warm  Air, 
Fahrenheit 

Bdlative 
Velocity. 

Temx)era- 

ture  of 

Warm  Air, 

Fahrenheit 

i 

Belatiye 
Velocity. 

4-98 

856 

8-09 

608 

8-25 

6-51 

874 

8-14 

662 

8-21 

5-98 

392 

817 

762 

8-18 

6-86 

410 

8-21 

842 

808 

6(56 

428 

8-28 

982 

7-92 

6-92 

446 

8-26 

1022 

7-80 

7-18 

464 

8-26 

1112 

7-62 

7-33 

482 

8-27 

1202 

7-56 

7-48 

500 

8-278 

1292 

7-44 

7-62 

518 

8-278 

1882 

7-83     ! 

7-78 

527 

8-279 

1472 

7-22 

7-88 

536 

8-276 

1562 

711    ! 

7-92 

554 

8-275 

1652 

7-00 

7-98 

572 

8-27 

1742 

i     6-90 

8-05 

590 

8-26 

1832 

1 

i      6-80 

It  will  be  seen  from  this  Table  that  the  velocity  of  chimney 
draught  diminishes  at  the  extremely  high  temperatures,  in 
consequence  of  the  very  gi-eat  expansion  of  the  air. 


INDEX. 


E  power  of  boilers,  experimeats  oa 

,.  „        bodies  for  beat 

Air  alwajH  diBcbnrged  from  waur 

„    TCDt»,sizeof 

t,  and  water,  relative  weight  and  Telocity  of 

y  ventfl,  necessity  for 

L  velocity  of,  io  passing  through  furnaces  

I  ftnd  vnter,  their  specific  heat  cnrnpored 

I  taxi  water,  reliitlvis  heating  power  of     

I  qaantity  required  for  Tcotjlatioii 

E  quantity  cooled  hy  gldss  in  buildings 

I  moist  and  dry,  its  cooling  power  and  specific  heut 

E,  quantity  that  can  be  healed  h^  iron  pipes       

I  quuniiiy  to  be  wanned  per  minute  in  buildings 

E  effect  produced  on,  by  heated  metal      

I  Hill  only  retain  a  ccrtwu  quanil^  of  vapour 

■  when  highly  heated,  injurious  effects  or  

V  Knall  quantity  that  imbibes  moisture  from  wet  aurfac 

I  its  effect  on  eTaporation 

I  cunents  of,  effect  on  heating  apparatus  

I  beat  evolved  fioni,  by  compression        

1  uid  water,  relative  cooling  powers  of 

t  cooling  power  at  high  velocitit.'S 

p  Impore.  its  effect  on  human  life 

ft'liow  contominatod  in  rispiration 

Hdlminislied  pressure,  its  effects    ...  

I  Iti  electnc  condition,  important  effects  of        

Fltsnteof  expansion  by  heat       

Elite  velod^  of  discharge  calcniatcd        

I  dry.  its  effects  on  health 

■  finontity  required  for  respinttion  

■  decoinposed  matter  contained  in 

1,  llB  importance  philosophical  I)'  considered       

bfkctitlans,  its  effects  on  plants      

I  quantity  diecharged  through  venlilators         

I  Telocity  of  discharge  under  pressuru      

K  hot  and  oold,  its  effects  on  combustion 

I  condensed  and  ntrefled,  effect  on  combustion 

E  oogbt  to  be  introduced  above  the  fuel  in  furnaces 

R  «Ea  of  openings  (or  admiesion  to  furnaces      

Bqnsntity  to  produce  perfect  combustion  in  furnaces  .. 
■'—^'"•'"  "Be  of  pipes,  objectionable 


Anglo  of  rnof,  iu  effect  in  cooling     

Angles,  their  eBect  in  wst«r  pipes     

.,       vcrUcal,  their  effect  on  circulation  ... 

Animal  keat,  its  effect  in  public  buildings 

„      life,  effect  on,  by  bigbly  bested  metallic  snifices 

and  TegetAbIc  life,  Ibcir  relation      

Antbrocile  coal,  its  oombuBtioa         

.,  „    corroaion  catzGcd  by  

Amott,  Dr.,  hiBstoyeiicacribed         

,.        bis  stove  liable  to  exploeion     

Arcbimedenn  screw,  its  power  aa  a  TGntUator        

ArtificiaHuei,  compoaition  of 

Ascending  pipes  may  be  amaller  than  descending 

„  „    should  pass  lo  highest  point  first 

Allcinson,  Mr.,  early  use  of  bot-waler  nppatstus 

AUnoHpheric  pressure,  column  of  water  equal  lo 

Aitphyxia  from  irapnre  air      

Azote,  its  effect  in  cool 

Bacx>m,  Mn..  early  use  of  hot^water  circulation     

Baths,  special  arrangements  required  for  heating 

„     pluneing,haw  to  wBimtbem 

Beaumont.  Mr.,  his  method  orfluee 

Bends  and  elbows,  effect  In  water  pipes      

Bends  sometimes  advantageous  

BellowB,  Tentilating,  deacrilied  

Bembordt's  hot-air  apparatus 

Biot.  M.,  his  experiments  on  sonorous  bodies        

Boiler,  description  of  what  forms  a  good  one        

„     various  forms  described         

„     heated  by  gas  described         

.,      BUrlace,  calculation  of  heating  power         

Boilers,  useful  formula  for  calculating  power  of 

„      their  capacity  ixmsidered      

„      surface  for  n  given  !cngt;b  of  pipe 

„      how  to  judge  their  relative  merit .-       ... 

„       rapidly  destroyed  by  impure  fuel 

„      surface,  their  proportion  to  tbe  furnace  bare 

„      pressure  on,  by  increased  height  of  pipes 

„      for  hot-water,  not  liable  to  burst 

„       as  need  id  Scotch  distilleries  

„      effecl  of  projections  on  their  surface         

,,      absorptive  power  of  fire  and  wnlcr  surfaces 

,,       of  small  capacity,  effect  of 

.,       various  methods  of  setting  them 

Boiled  water  easily  tteezeB 

Boiling  point  of  water  at  different  pressnrei  

Bonnemain,  M.,  first  used  bot-watcr  circulation    

Bottom  heat  in  hothouses,  remarks  on        _. 

Boyle's  ventilator  described 

Branch  pipes,  any  number  may  be  used      ... 

„  difficulty  when  heights  vary -. 

.,  how  to  secure  circulation  in  ...       ... 

Buildinp,  various,  proper  sizes  of  pipes  for  

„        qaantily  of  pipe  r^uirtKl  to  beat  

„        tune  re»|nired  10  heat       

early  methods  of  beating 

e  of  pipes  by  frost  prevented 


t  OF  Lma  prevents  water  freezing  

3,  qtiUDtitj'  ekliitlcd  from  tUe  lunga 

-icoiidf^  lis  effect  and  loss  of  heat  in  furnaces 

,     ita  dBugcTous  effects 

,     lieat  of,  in  bloft  ftiriiac«s    

,      how  fonned 

,      effect  of  breathing  Atlal       

d,  its  effects  on  respiration      

,     quantity  produced  in  combuation 

,     exlialed  by  respiration       

,     effect  of  breathing     

,,     temperature  at  which  it  is  fonned 
„  ,,     ita  effect  in  preventing  combuatiou 

Carburetted  hydrogen,  effect  of  breaihing 

CBTSon's  ventilator        

Cause  of  circulation  in  hot-water  apparatus  

CemcntB  furjoinla  of  pipes      

Centigrade  thermometer,  its  relative  sculc 

Cliabaiines,  Marquis,  liot-water  apparatus  used  b? 

Chambers  or  vaults,  loss  of  heat  in 

Chimneys,  rules  for  size  of      

Churches,  quantity  of  pipe  to  beat 

„        cause  of  draughts  in  

Cluiniiey  cowls,  action  of        

CMnmevB.  earliest  invention  of         

I  of  water  known  lo  the  Roranna  

„  how  to  be  calculnlcd 

„  affected  by  vertioil  nngles     

„  obsiructious  to 

,,  through  differt-nl  fliKjrs 

„  into  different  branch  pipes    

length  of 

reversed,  cause  oE  

how  stopped  by  cooks  and  valves      

how  regiuated'by  cisterns        

of  water,  cause  of  

„       increased  by  height 

of  liquids  affected  by  light  and  sound 
of  water,  how  increased  in  Hot-water  pipes... 
„       when  there  are  dips  in  the  pipes  ... 
„       lielow  bottom  of  boiler      


„        tliniugh  pipes,  length  of     

„        affected  by  alterations  in  size  of  pipi'^ 
.,       the  motive  power  calculated 

lS  for  regulating  the  circulation  

expansion  and  supply     

increasing  circulatloD     

e.itBeffoctoD  longevity  

,  l«  halting  power  estimated      

quantity  required  to  warm  any  building       

quantity  consumed  in  a  steam  apparat^       

(jnantity  burned  per  square  foot  of  furnace  bats     ... 

its  cost  compared  wltli  beutiu:^  by  gus  

Ita  oarly  use  in  England 

Table  of  its  analyses     

IfiBs  of  effect  by  the  escape  of  smoke • 

'  ~  A  produced  by  diffemut  qualities 


43.  m7 
...    322 

10G,W6 


454  INDEX. 

PAOS 

Coal  and  coke,  their  relative  heating  power 406 

„    quantity  of  air  required  for  its  combustion  ,'. 417 

„    theory  of  its  combustion          418 

Cockle  stoves,  Sylvester's        219 

,,         ,,       heating  p)ower  of         222,303 

Cocks  for  stopping  pipes,  their  size  and  position 60 

Coffey,  J.  A.,  patent  for  circulating  mineral  oil  at  high  tem- 
peratures     •••        •••        •••        •••        •••        •••        •••        ••*  '1'^/ 

Coil,  length  that  will  heat  a  certain  quantity  of  water    197 

Coils,  mode  of  connecting  to  main  pipes     170 

Coke,  its  effect  compared  with  coal 406 

Cold,  intense,  not  accompanied  with  high  wind    —  HI 

„    produced  by  rarefied  air 264 

Colour,  effect  on  radiation  of  heat     243 

Combustion  of  fuel  regulated  bjr  size  of  furnace  bars      91 

„         temperature  of  active     410 

, ,         Of  smoKe    •••       •••       •••       •••        •••       •••       *•*  ^jo 

„         Davy,  Sir  Humphrey,  experiments  on         414 

„          depends  on  quantity  of  air  admitted 103 

„          quantity  of  air  required  for  combustion  of  coal     ...  417 

Compression  of  water,  extremely  small       21 

Condensed  water  in  steam  pipes,  effect  of 203 

„            „     valve  for  saving      215 

„         steam,  how  to  prevent  noise  from        197 

Conduction  of  heat,  its  proportion  to  radiation     236 — 241 

Conducting  power  of  water  and  air 255 

„         power  of  various  substances 249 

Connection  pipes,  proper  size  for       54 

Consumption  of  fuel  in  furnaces       89 

Contamination  of  air  by  breathing  and  animal  exhtdations        ...  330 

Cooling  of  heated  surfaces,  relative  rate  of            67 

„       velocity  of,  at  high  temperature     241 

„       relative  velocity  of  hot  water  and  steam  pipes 65 

„       relative  power  of  air  and  water      255 

,,       of  iron  pipes,  experiments  on         68,273 

„       of  glass  surfaces,  experiments  on   ....      274 

,,       power  of  wind           ...        •••  277 

,,       of  bodies  in  air  and  in  vacuo          237 

Copper  boilers,  injury  by  particular  fuels     86,421 

,,       its  strength  affected  by  heat 269 

Cowls  for  ventilating,  their  action  explained          379 

,,      experiments        ...        ...        ...        ...        ...         ..        ...  381 

Crystallization  of  iron  decreases  its  strength          141 

Cretinism  produced  by  bad  air 321 

Cundy's  fire-clay  stove 301 

Currents  of  air,  their  effect  on  heating  apparatus 174 

„        in  liquids  affected  by  light  and  sound      27 

Cutler's  Torch  stove      297 

Dalton,  Dr.,  experiments  on  vaporization 159 

Damp  walls,  their  cooling  effect         122 

Daniell,  Professor,  experiments  on  evaporation      261 

Davy,  Sir  II.,  exjxjriments  on  combustion 414 

Deaths,  comparative,  in  different  localities 322,324 

Deposit  in  boilei-s  from  hard  water 180 

Dew-point,  mode  of  ascertaining       263,328 

„          its  effect  on  health 328 

Descent  of  pipes  below  bottom  of  boilers 43 


jeot  ftirCrom  pipes 

Up-pipes  below  doorway       

iheir  depth  asmtained      

may  sometimes  be  made  Bmaller 

n  pipes  afi^tB  the  circulation    

iWge  of  water  through  pipes,  theory  of 

"Ways,  mode  of  passing  tinder     

JonblC'doorB  for  furnaces,  used  by  Count  Rumtord 
DniitB  or  trenches  for  containing  hot-water  pipes... 

Drunage,  iu  effects  OD  mortali»r       

Draughts  iu  chorchea,  cause  of'^        

D17  air,  ita  effects  on  health 

Diying-rooma,  quantity  of  pipe  reqaired  for 
„  how  moisture  evaporated  from 

„  necessity  for  ventilating       

Dumb  plate,  its  use  in  furnaces  

Dntrochet,  M.,  his  experiments  on  light  and  soand  ai 

circulation  of  water  

I>weU!sg-rooms,  quantity  of  pipe  required  to  heat 
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